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4BSTRACT

1

This study wa,s designed to inestigate some possible relationships between

,teachter-held objectives and student performance that appea-red in the samples .

Of test item-s of,tbe new UICSM high school matherna.tics. TWo test booklet

were made on the basis of the fLrst five chapters of High School Mathematics,

' Course 1 by M. Beberman and H E. Vaughan. They were given to.the same

Pekin High School students in Illinois before and after the, contents of the test

had been taught. For each item, most of which consisted of four gub"-items, ,
. )

scores were obtained fp,r eak_li`student lloth'for pre-tEse and post-test administra-
4 . ler. .
tions, and gains between the two were Con- ted. The sample consisted -of

, / i . .; ...,154 9th-grade Students. The saint test booklets. ;were sent to teachers -who were
J 4

currently using * text, axed they were. asked to eva6ia4te the ssuii.ability of. each, .
. .

item for use in achievement tests for their studdrits. Their reactions were
. . .

assurhed to be &?-1 indirect indication of their objectivds in teaching the UICSM
3 . . , .

. . , x.
text. The sample consisted of A05 teachers from 70' different sChVols in '19

states.
4

intercorretations among the 54 items of the two tests were computed for

'each case of-student pre-tests, post-tests, gains, and, teacher ratings. Each

intercorrelation matrix was factor analyzed by the principal component method

~and three 410two, two, and five fa). tors, respectively, wer,e extracted from these
.,case. For the case 9f student pre-tests, the4first printi, p..1 factor indicated a

'. 1 .`. . .4 I
general aptitude for leatniing mathematics. The second.prib'cipal factor was, in

,



.part, related to position Of the it&rns in the tests,

fried.

F'or the case of student post-tests, The first principal' factor indicated a
I

and the 'third was, left' unidenti-

general achievement in the contents of the given chapters. The second principal
f .1

factor was considere as a deductive-inductive, factor.' For student gains.
I

no interesting inte retation of the factor s was warranted.
, '. # 4- . : :

For. teacher ratings, the first principal fac\or was related to the general
./ . ,. ,.-, .tendency of each teacher's s ratings i. e.., the teacher's general response set. 4

/ ,
"askingasking fOr understandi,ng of the basic mathematiial concepts tended to

.
hive high coeffitie,nts- on this factor. The `second principal factot was related,

in part, to a ptngfefence for conventional vs. new mathematir.s items. The

third factor was related to objectives somewhat irrelevant to the text. The

fourth factor was related to the objective, of algebraic manipulation, and the

fifth was left unidentified.
b.

By a canonical type of analysis: the .factors from teactipr ratings were
&

ma.tched with thosefrom student performance for each of the three cases, so that
ii.

., /
1

. A the similarity between the two sets of factor coefficientg was maximum. In..

this analysis, pairs,of highly congruent factors were obtained both for 1he, .

pre-test and for the post-test cases. In the-Case of student gains, however, noI

t
r0factor was significantly congruent with,teacher ratings. However, mean gain

, .
.

scores Showed a positive relationship with mean. teacher ratings except for a

few spe'cial

4

I
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FOREW,RRD

Workers in currit ulum evaluation have become increasingly aware of the. .,

fact that some of the,best efforts at curriculum refurrn.produce superior learning ..
1

#

only in the hands of a ry
ilatively

small group of teachrs. Consequently, it would
, -

1
. be of little use toXearn that Cum( ulum X produced significantly. better I arming

/
:

04

in 50,000 randomly selected s,tudents than curriculum L did in'50,000 corn-,
JO

parable students Linder tilt: tutelage of 2,000, randomly assign6d teachers even

if such classically ideal information were available.

School System A should want the best curriculum for its ol.v.ri teachers,

who may not be at all repres. entalive of the 2,000, or it may plan to hire (or
- .ttra,n) teachers 'who can teach much more`to its students than the average learned °'

(

by the 100;000. Curriculum Z could easily be the best for' System A, especially

if it succeeds in upgrading its staff. Furthermore, hundreds'of school systems

around the country may satisfy our description of system A.

Curriculum e.alua-frop for ambitious school's*, `then, needs to be carried out
. ;,# . . .,relative to some characteristics of teachers related to the content of the programs... , .. .

being- evaluated. Many studies of general, teacher variables have been carried
C 1.put, and in a te.yv cases, such variables have been shbwn relevant to pupil accom-,

. .

i-,..,plishment in the new-curricula.* However, most measures of classroom be-.
z5 . I -. .

*havior, personality, and training of teachers seem, a priori, to have little r.'el,-.' , - : -, . .,

vance for use in evaluation of new curricula. This does not deny'the value of
°

further studies witlhgeneral teacher variables, but it'does Suggest that some
r - - .,.approaches to content oriented teach variables

.
should be developed.

f-11,' ''... .

'
, r,d,: :

,
- kr; ,.

.
.t, Alpert, R., et al, Psychorogickl faclors in i;n4thematics educn.on, SMSGvil

`News,letter, April, 1963, po.. 15, 1'7.-24.-
,

/
.Spaulding, Robert L., Achievement-, Creativity, and Stlf-Concept Correlates

of 'reacher-Pupil 'Transactions inflementary Schools, Coop.,Res, Proj,
No. 135?., University of Illinois, 1963.
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FOREWORD (Continued)

0

,. The UICSM Mathematics Project has been for Lt_i4ate.in having been able to

interest Dr. Ikeda in chis gentraj problem. The,repoii which follows ienpre;ents

a prelimin'ary exploration of teacher -held objectives for UICSM, first year algebra

classes and some relations between these objectives and student achievement.-
This report, which was submitted as Dr. Iketia's dissertavion, is ;ore detailed

and morJ technical, than most previous UICSM Res'earch Reports. However, we
Aro

have deci&d p issue his thesis, in its entirety, as "a number in this series be-, s

cause of the pbtential value we She in Ikeda's techniques for other. researchers
'96

interested in teacher-relaiive curriculum evaluation. \s/
114Ik

A

L

J. A. Easley,. Jr.,. 4

r
UICSM Research Coordinator
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INTRODUCTION

ti ,

This study was designed' to investigate some possible relationghips,,between
k

,
.

. .

teacher- held objectives and student achieVement that appeared in responses to
N .. .

`11 I
-sample tests of

.

the new UICSM high school mathematics.
I 4

More than thirteen years have passed since, the University ofIllinois Corn. -

mittee,on Scho61 Mathematics (UICSM) started to develop new high s.chool mathe-'

matics curricula.. The unique ideas developed by UICSM o'n teaching modern

at the high school level have been widely recognized, and a grea,k

number of schools are now offering courseS'based on this curriculum.

To teach mathematics in the way dxpeited by UICSM3uthors,.however, not

easy for 'teachers who we'ite trained in traditional or conventional ways, and some-

times the ideas involved irf-the new curriculum arouse confusions and conta-

versies arrdng high school teachers. 'Although the UICSM provides a training pro -.
.

gram for high schoolteachers, the purpose of this program is not always. per-
_

.fectly attained. It is reported by class-room observers that high school teaehers
.

trained in UICSM institutes teach mathematics in different ways, and not all of
.

them teach the new curriculum as it should be taught. The high school teachers

have their own interpretations, of and objectives for the new materials, which are

not necessarily ccinformahle to what the UICSM really. intends. The importance
-;

of studyinglwhat kinds of objectives the high school teachers actually hav.
-been often pointed out, since the success of teaching the new mathematics greatly.

depends on what the teachers 'think of it and how they react to it. The study w,

sti tnula`te thby this kind of demand,

When we refer to 'teacher-hirld objectives' for mathematics; it doe not mean

that the objectives ar, always explicitly expressetl*or consciously rec ized by.__
es,

f.;every teacher. Some of the objectives might be clear and could b iefi
/

ned by ex-
1

1

,

i



A, ,
.,

:pliLit words. Some of thipol5jectives, hOweyer, might be unclear and vague and
A

1 , 1 -, .
* . .f

-teachers rn,ight be una,ble to express tiiem ii ormal statement. "Stich objectives
1 . ., . _I _

.
-' . t.c. .4 t i

might only be expressed implicitly, and e,e teachers themselves might not be
. ,., ,

conscious o =the objec,tives*they hold: This implies
...that direct questions do not

, ' . . ..
s, always uncoN,f,pr such hidden objectives.° Furthermore, researchers- themselves-. .

. , '
do'notknow precisely whet kirkis ofquestions should be asked of the teachers.

In this study teacher-held objectives ake exathined in indirect was.
. ,

.
Prior to

,the analysis, we did not assume any definite categories or structure of objectives

such as Bloom (1956) and Guilford (1956) hivesuggested, nor any i'ationale
; 441:b

for the use of objectives such as Mager t1,9A2) has proposed. The objectives

we were interested in were those hat arise specifically frbm the rnteractions'of
- 4

the;new UIAM'text and the teachers who use it,.
`,

4

Teacher Judgments of Achievement Test Items

`One approach taken in this study, is to examine the teachers' judgments of

small groups of test items, many of which are purported to test the abilities

students attained in a new mathematics course. Some of the test items are less

related tb these abilities. Test iterns°.were- presented for-evaluation to high
/ . .ve i

vschool teachers wh,o were using the latest edition Of the_UICSM first course.

text. Most of the items were presented i>t groups of four which dealt with the
.

-same topic and had the same form. ,A.few items were presented individually.

The teachers were asked to judge the suitability- of each group of'testitems for

=use in achievement tests in their own classes. In the rest'of this report these
. .

e i
. I

groups of test items (usually consisting of four but iimetifries single test items). 1-
..

I .are referred to as the"',items" of the instruments used., They are in fact items
-

.
,

. , -1
. .

on the teachers' questionnairle and are the smalleit.urtits.bf,ana.lysis for the Stu-, , '. .
dent,achievement tests, since responses to sub-items were not,analyzed.

: , ,. tk ,



.

Teachers' judgments of such items are assurried to be consequence, of their 4-

jectives for the..,new mathematics 'course. t

3

An aimof.the achievement tests is to measure the abilities that Students, have

acqu ired during 'the study of given part of the material. School tet.Chers would
---teach trre subject materials in their own way, as they believe best. After some

teaching O'fat,.Ac material, the teachers would be likely to know how much their stu-

dents have progressed by their teaching. In the construction of achievement tests

to measure the students' progress, we assume they would be likely to prepare

test items that are closely related to what was stressed during their teaching.

It is believed that, when sets of ready-made test items are presented to the 4'

teachers, they tend, to express agreement or disagreement with them according

to their own values in teaching the subject.' would be rea.sonalbe, then, to as-
.

Vt.sume that the teachers' reactions to the items are an indication of their objetires

for teaching the 'subject.

We ad not asking here for every detail of the objectives held by individual

teachers. To study the case-by-case objectives in every detail is so coi-nplex

.that it is beyond the scope of the present study. In a rough' sense, however, ID=

jectives held commonly b,'y all of the teachers, oxsat least, by some group of the

teachers could be identified. What we'are interested in are such common ob.-
I

. t .....

c jectives that appear among all, or some, groups of the teachers when theyl,eval.- .

. r
uate samples of achievement test items. We are interested in what kinds of ob-

jectives and how many ti1fferent obj.
$

tives,, at the minimum, would be necessary

to account for a se,(of teachers' rea- ctions.

This Ykotion
, suggests/the application of the factor Nalysis model developed

. ,

in.the field pf psychomel,rics. Themodel of factor, analysis is usefules ecially
, .

when the aim of resea.rch has a somewhat exploratory nature. It has be widely

applied to .e, ducationat. and psychological researches. It has been used to inves-

(
:I
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ti ,ate basic mental abilities, personality traits`, soci'ai attitudes, and Other hurrian

attributes underls4ng stAs of educo.t onal arta p'syihological measures. Detailed

review of past studies by facto is is not the main purpose of this report.

Some of these studies, however, ,should at least be mentioned.. These include,

for example; Thurstone (1938), Thurione and Thurst&ne (la41), French (1951),
:

and Guilford (1956) in the area of mental abilities; Eyserick' (1953), Guilford and
,

. 'Zimmerman (1956), and Cattell (1957) in the area. o f' per sonality-studies;
.

_ -

..,
Bor4atta, Cottrell and lyleyer #(1956) and Schuesslerrd/Driver (l95( in the

area of social psychology. -
-

In a study closely related to our present one,L. R Tucker (,1962) analysed

the reldyance judgment",on-the test iterng of "Developed Abilities of the-Social

Studies, whichwere to be given to college applicants. 225 test questions were
rated by ,seventeen exwex ts , and`two different kinds of view points were found by

the factor analysis of intercoirelations among the raters. The raters were -

is.

groUped into tw.o difeere0 kinds. Gloup A was a group that em asized problem,:

s'olving*Iiility for both secondary' school. instruction, ,nd for externining -students.

- Group B', was a group that em hasized the development of a/facility to organize.

. material and to express gene lized cdnclusions effectively.
'

J.. W. French (1962) analySed the reader disagreement that appeared in the

. c .scorifigol an essay type test., 'Fifty -three participants' of English .. . ..----- .
.. .

teachers, sot-ial scientists, natural.scientists, writers, editors, lawyers, and
A I

bOiness eAeCuti<es,,,r&td. and graded 300 college ,fresiiman essays. .The iriter-, -J s ' I .

. 2orrelations -of the grade d -ores amopg participants were factor analysed and

six Oxfa&tor-s were extracted. ,,,1 1 papers out of 300 received all nine different
...,

- '.,

4 grades, no paper received less th4n five different grades, and the 'average cor-.
, .

,
. relatibn was only -31. It wad obvious that some raters were* essing onequal-

I

.

ity and others stressing another:.
.

I ',

4
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'Both stfidies suggest to us that afa'ctor analysis of teacher ratings/of items.

may s.elv 'as a useful model to accou t for the (different points of view teachers

have on !Ng rvn set of test' items, ',Part of the present study con sists of alactitr
$,

11 we are not interested in a-
t% p ,

arialysis of reacher" ratings. of test items,, altho

typOrogy of'teachers-4s. were the above mentioned studies: Our ccincern is
i

.' - .
0....1 #

rather withthe structure of te er judyrnepts relative. to the items ,themselyes.
.4 - .. ... .

... la.
r'

1

o 1

,, . V.

, - 4"' ' ', .. ...
.2. Relationbhipi" Beiween'.1;eac'her Itidg nts,ancl -: ,: ,

, cl- .., , , I ..

Student PlerforrnAnce. on l'st Ittpins 7,', P '''.-
.

..' . ,, .4 I .* '..
.

oulnaddition to investigating teachvr-lieldeAhj'ectil,es, it, is ..a..J.scy,irrpOrt'ant to...

. - . . , $
. - . ,, .,

. see whether or not studen4s who are.stu,dying the, materialsdev p.

. ..- - 1., t .` # ' 0,1$' '.". ,_
... s . .

_.....' 1,0 1- : 1. : A -,..
t4..bilities alqng the 'lines which the U,}41.4 authOrs Stress: We cro.ra''t xealiy kpov$4,

. . ,.. ,' le . ''. ,
.

.
, .. . 1 -

-`,1' r % .' 1 s p $.
. .0*what ,students leariv,frorn'the.riewimathematies .,cUrxiculurn. More srecificallyt.

...,..,V,,,. .0. A $ *

1 " 1, ..."..-. . .., ,- . - ..h ^ qt,
..,

t kinds of-abilities are.:de,seribed...Apta seti.;f:ii,ern§.,represgent-
. 1

5

we don f t know w

atiVe of the 1.,IISIN4 text. 'Also, "Ne.don't kno
I- ., '4,

N.
., , 4,,,,- .., I .., .

aksocia.ted with respect to sbillient indO'
4 . ) :.au,

" ° . .,;%.a ,

.matlfernatics course. Such intorrhatio eveve
,. 0." 00*,

be valuable-for the future developMent og.liev.,

what kinds Of.i;(e-Tris 'are%frfost
. . .... '

i'iteXence s,- deVelogeti in a new
,

ri ati the de,sc riptiye '1%yel, would ,

e

concerns suggest the usefulness
-

t

, of UJICSM stude,nts

, r 4. I ' , 4
Frrrfrt h ria atics c uxx3cula, Theie

. . ,.
gsf.-L., factor al/ka,..lbytic:iiiidir; of the pe'rfOrmance

, ';'

- ' ,

1 . $. . :. . v.. ,... 94.-- - ' : r
' '

Furthermore, it would alsci,be valuable to discover if thee is any,relatibil--
. .,.... .. . .

. .
. ship between the objectives f_TICSM. teaehers hdled and what-UICSM students..

-,. , .. , ' , . - .. ,. (llarn It would be epecially interesting' if 'mpans '.ir--r-tt Sv,dirabl!e.for collecting6 1 . # .

. S . 1 1 t r ,:l' ,', 0 '
data oh the ohjectives of a 'sa:mple of teac4Actrs-a'nd alsokn the4achievement of"the.

."

studehtS of each of thern; However, the administra11 tion of this type of study was.

juke& to be ,toO complex foir,existingr'esources. Besides if seerned.wis`tO

invest the available resources,, in a more explorator,y type'of study. . is nec7

.10
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..,
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, .. .a. 0

".4e1SSdtY to disc over soma characteristics of the populatiOn''and the instruments `
. . . . 4 e - s. '

before -one,ca.ii da.osign with confidence a study ;of. casuaj relationships between
a .,

°
, :-. . . ,

teacher-141d objectiv,:es and student achievement.
.. '. .

21Nevertheless when we have test items which are' supposed to measure stu-
.

- . I. °. . ..-,dent abilities on the,contents of text materials, it would be very. interesting to
- ) .

'Compare information on the teatkers* judgments pf the test items with the actuali .
. .

,student performance on the same items.. The 'information for student performance

would behelpfu for the intexpretatio.n of the teac'hers' objecti.ves found from the'4 ,
i

.
analysis of tha.i ratings on items. Also the informati n fr.om the analysi-s of

. . .

teacher ratings on items would be helpful, in The interpretation of the students',
.,

achieverRent on the same iter9s.

Many of the items pro\ ided in this study% are purported to test th"--. abilities
, ..-. . . . .

that students staould attain in the CICSM first mathematics course, bUt some' of
.,-the items are not:* As we have hypothesized in 1.he earlier paragriaph s,.if

.
, ,

_`,..,,,,,
!,

teachers think the items' which are sl,ressek in'the course are important, then'
..,

we may expect study to perform best on thest:iteithas. Moreover, the items
<- . , ,

,,,,hich the teachers dos nbt think is important should be orreson which students
. . . .

perform less well if there does ,exist a relationship between them. This.

- prItirrom can be incstigate,d by the analysis of c o'rrelations befween mean values
...-'.of teacher ratings and mean, values bf student performance..

. . .

On. the other nand, a factoranalysis of the'intercorrela:tions of student -.
. .. . .scores pn item's/will tell us the students 'common abilities which underlie a

, .. . ,

giv,en set of items. A factor analysis of the infercorrelations of teacher -ratings
a ' r

givesus common, factoris for teachergobjectia,.es... We are interested in knowing

both of these structures. Moreover, if we an develop a teclaniquee'for
, ,

gating; the .mutual relationship between two sets of fbIctorial structures obtained
.

.,frorrt the same items, we could ask if there arc any consistent!patternsIoetween

..

t
Li
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the lat.:tors underlying teachers"ratings on-test items a.tid the'l'a.cto-rs underlying

students' scores t)n-,the same items.

'In ' past studesof factor 'analyses, I'was.n,'Ot able to find an analysis of th,e
.

mutual relationship between factorial structures of such different performances
.

on a set of items as we'havr: in the case of teoacher,rat,ings and student perform-,
.

.
ance. It-seeme t ssary to ekte'nd existing techniques in order to carry out

"\ , ,

such a stucly, .An appropriate technique fog- analYzing the i'elationship between

factor structuresibtained from entirely different populations is developed in
,

the next chapter.
4

However, there are some other technical problems which it is necessary
. .

to mention briefly. When we relate teacher Judgments and student pe,rforniance,

on a set of items, what is the best measiire to describe studentperformance9

Since e cannot assumethat students tomplc.tely lack the abilities that interest,
*-.

I

us'' -they receive instruction, it seems riao,st appropriate to look at the

gains made between the admin istrations of items before instruction and after

instruction. HoW,e,e.r, there are problems in iriterpreting gain score S, dis-,

cussed in the next chapter, which make it,adcisable to examine performance
,. --
on pre-test anc(posl -test administrations separately as well,as analyze the

...
,,, , .. . .

gal's betwecw them. Alsb some .compromise svems required between the
. .

requirement's of reliability of ,an item score and the necessity of measuring
, 1,

.4 / , . ,

t "maony different objectiires wi'thin the space of a. singjeoclass. The compromise
. -, ,...

'we nave adopted is described in Chapter

In this study, we shall analyze the following:

-(1) meantvalues of student perfori-nance on pre-test and post-test admin-
. .

istrations of items, as welias gains between them, in order to discover on
4 , g

wh'at_ki) rids of items students perform besit;



lz mean values of teachers' ratings in order to see- hat kinds of items1

teachers prefer;
. .

(3) the relWonship between the mean values obtained in (1) and (2) in

5c

order to see if there exists any relationship between teachers' general preferences

and stud'ent'performance;

(4) a fac-torial. structure of student performance to find th:\Cnininaum_____

dimensions which account)for student abilities;
:4

(5) a factorial structure of teacher ratings to find the minimum dimensions

which account for indMdual differences in teachers' objectives; and finally

, (6) the relationship between the two sets of factorial structures in order to

exist.# determine whether there exist any consistent patterns between individual dif-

'ferences in ratings by teachers and tho'se in student abilities.
z
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0-1APTER.

T EORY AND HYPOTHESES

1". Stfdent Perfo mance and Teacher Preference for Items

ti
oi>»,

In this chapter we shall use the generic term "test"to refer to any stimulus
t

material that generates a response that can be scored on,some p ythologically

interesting di nsion. i When a set of ability tests; small item groups, or even

individual test items (generically, a set o£ tests) is given to.a group !f-students,' a

fact* analysis of the intercorrelatipns between the test,scores would give'us
- '

in-

formation concerning what kinds' of basic abilitieTunderlie the -set of tests. Also,

4

can learn the minimum number of different kinds of abilitiehat have to be as-
;

sun-led in order to account for the intercorrelations between tests over the stu-

dents. Suppose that,we have Test A having a numerical factorwith a coefficient

(or factor loading) Of 0.8 and a verbal factor with a coefficient of 0.2. ..A. stu-
.

dent who has to high ability on the numerical factor and a low ability On-the verbal

factor would be expected to have a higher score on Test A than a student who. has.
a low ability on the numeric al,-factor and a high ability on the verbal factor,, even

if the two students have fhe same total on the two factor scores.

On the other hand, when the same set of ability tests is prese,ntedto a group

of teachers and the degree of the goodness of each test is rated by them, the
. .

fa.C'tor analysis of the intercbrrelations between the tests woad tell us what n s

of, and the minimum number of, different view points concerning the goodness

of the tests that must be assumed tO-underlie consistent differences in teacher
. .

eference in order tO account fOr the intercorerelations between the tests, fiver
- , .

. 1teachers. Let us suppose tht:Test A has a. high coefficient (or loading) on

Factor I, say 0.8, aria a low coleffisient on Factor`II, say 0.2.- Under this"
6 %
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AcurnStance,' a teacher who emphasizes Factor I and doe's 'not emphasize

Factor II, may be expected to,give a high rating score to Test A. On the other

hand, sia. teacher who emirasizes Factor II and does not emphasize Fattors.1 may

be expected to give a relatively low rating score\o Test A.

--Whethe'r these's Factors I and LI do or do not,have any relationship with the

'numerical factor and the verbal:factor which ha.\,e been found by the analysis of

student scores raises a new-and interesting question to ask. If the teachers are
. .

capable of rating Test A good (or bad) for the reason that it has a high numerical

-factor and a lOw verbal factor, and if they rate other tests in the same way, the

factorial structure found in.the set of 4tudents' st ores.wodld have some similarity

to the structure found in,the teachers' ra -t'ing scores. If the teachers rate the

tests without paying any atthition, consciously or unconsciously, to the ability

factors which thk tests are to measure, the factorial structure of the tests ob-

tained from the teachers' ratings would be different froi-n that obtained from the

students; performance, since, in such a case, the teachers must have rated dif-
,

;. , ! sr

ferent aspects of the tests; On of the purposes of this study is to find wheth.
....- (. 1 . . .....

or not any correspondence exists between two such structures obtained from

achievement tests. : .

2. Post-test Achievement vs. Gained Aehievement
gx ,

a

The second problem arises from the question: "Po the students' performance
0,

scores on a set of achievement test serve as the best measure to be related to the

teachers rating scores?" An aim /of the achievement test is to measure the stu-

dents' progress daring the,study o the course. 'Achievement,' therefore, does

not mean a level. of performance n the task given at, the end of the course, but

it does mean an, amount of ..13 ogr during.the course. ,In this sense,a gain

Store of that performance

.beginning of the course w

a. they end of the course f r drn the performance at the.
.-- "'"/

uld ge a better measure of achievement tha the per-
.

-.-.-

..'
24
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formaske simply shown- iit'the end of the course. This requires us to give a pre-

test and a Post-test,- and obtain a ga,in score from thvn to be used as a measure

of achievement of the students durPng the course., If we Lan. assume-hikO special
- ,

coadthipg on the given test, we could use the same test twice as a pre-test on.
time and a pdit-test the other. Ho,wever, some careful direction to t& .students

Would be necessary 'at the pre -test time, because they may be unfamiliar with the
,

given- Material and may become too frus*trateeand discouraged to attempt the

items. t
As for the te--0761, high average gain score between pre7 and post-tests is

an indication that the tests are measuring Well the 'students' achievement attained

thein the course.' A low gain scofe may come from several sources. Some rests

,might be too difficult for students both on pre= and post-tests If a test is such

that its content is net stressed in the course, the gain' scores might be low. ,Also

some tests might be so eay that the students ,do well,at both times, and con;
.

seqUently -the gain scores might be low. The students Might hakz,e already known

"the-content ofthe tests, or Sots.-ke tests might be correctly answered without any

knowledge learned in the course. In other Fases, .the content of the tests might be

irrelevant to what the students studied in the c ohrse The ga!n skOi-eo would be
6low also, eve,n though the ciffiL ulty of the 'tests is moderate at both times. any ,

,

case; a low gain score, on a test indiLates that it does 1-1OtserN,e as a 'good achieve-''
,

ment test. ,\,en though most students do well at the end of the course, thi oes

not necessarily mean either that the tests are good or that the teachers teaching'

was effective, unless the avexage gain scare is ,high. Practically, a test having'

a low pre-test score and a high post-test score tends to be a good achievement

tes- t
tin this sense. t

In the previous section, we 41iscussed the problem of lgoking for the factorial

structure of student performance in the post-tes_Lthe factorial structure ,of teach-

. er judgment, and,the relationship between the two structures. The same dis-
*

,cussion is possible, replacing the post -test performance of*the students by the
.
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9
.

. . ,,, ° ..
. its : 4gain scores. Do teachers fudge the test haying a high gain score to be good?

%
!

I g',there any relationship,. between the.teachers' judgments and the gait Saores? *

"'To l'Ook for the relationship, if any, beWfeen the factorial structure of the gain
. -

i 1scores and that of the teachers' rating scores is thus the second and main,purpose
-,o4,,, . - r 41, ._4 .

..,,

v

aof this study, However, separate factor analyseS were plannedfor the pre-test

data, pOst-test data, and gain scores data in order tovoid problems resultant

fromioverlapping specific factors in the pretest and-post-test data.

- Gulliksen's remarks on 'intrinsic vaildity' are appropri ate here, since our

attempt-is quite parallel to what he suggested.
'

..It would be my hope then that the future develop-
ment of ai3titude:aind achievement testing will be in the
directions of greater emphasis on a search for validities
that may be fundamental and la'sting as contrasted with
,those tj-ia.t are likely to be fortuitous Or transient. It seems'
,that-this concept might be denoted by the term 'intrinsic
validity intrinsic content validity for achievement tests
and intrinsic correlational validity for aptitude tests. ....
.2k5 far as I.can dee, we have in the achievement testing
field the judgmell of the experts to rely upon, but we can dot,
much better and more intensive jobs of checking these expert
judgments. If judgments a're, obtained from a number of per-
sons, the techniqu:es,of factor analysis can give some idea of
the complexity of the system with which the experts are real-
ly dealing. Furthermore, a more intensive Use of pre-
training and post-training tests wOnd probably be of very
great value in sharpening the judgments of the experts re-
garding the relationships among diaerent types of content
(Gulliksen ( 1950; p. 516)).

3. A Mathematical Model Relating Two Factorial Stc-uctures
.The investigation Of a mathematical relationship'between two factorial str-uc-,

..

tures belongs to a branch of canonical-analysi's. The applicability of canonical,

analysis to the field of educational research was first proposedby Hotelling in
,., .c .1

3-15 1 `Themost predictable Criterion (191'5). " Since thenseveral others have ,,-.-

supported the. applicability of this approach (e. g. , Thomson

Bartlett (1948), Horp (1961),'etc.).-

(1947), Burt (1948),
.

In 1948 M. Bartlett proposed a:- concept of internal and external factor

analysis. To take his example, suppose that a set of mental tests and a set of

20



physical measurements e made on the same group of persons. The internal,

analysis of the mental scores will yield the ordinary factor analysis, and als. o
- , .....: -4Ali...*--

the internal analysis of the phyicl measurements will yield a factor analysis
e -.--.:. . .

".
of physicalh,strcture. The mutual relations (if any) of tht two groups of meas-. . .

..
urernents would be examined by. means of an external factor analysis. 11,a1-111 ft's

1.,,- . . _
. . - , ., ,, 1 , .,

- ro --r---..., . 7 ...,'

method of external factor analysis is a technique for matching` the underlying

facttrs for two sets Of .variates, the mental scores and,the physical measures:

The factor matrices for both sets of variates are' simultaneously related by
.orthogonal transformations. until a factor from one gr t is maximally Correlated

) , ,
with a factor from the o er set, -identifying the first factor pair.... ' .

1
,

are held fixed while th second`pair is identified, a n d so forth.r

The

As for the stability of factors over different batteries of tests, L. R.

Tucker ,developed '`an inter' - battery methcidof factor `analysis .(1958). Given

two test ,batteries, postulated,to dependon the same common faCiors,_ but riot

parallel tests, 'factors that are common to the two batterie's are determined from
,ft.

the correlations of the tests in one battery with the test in the other atfery.

Gibbon (19b9a; 1960b,,,,, 961) also expanded Tucker ,s method.

Both Bartlett's and Tucker's methods-am:Closely .related to oui problem,
0 . ....

1
_

. ,

as far as the mathematical tg-chnique is concerned. But they are different from

our problem in the respect that the 'former model's ireat'the case in which the
,

same,subjects take.differentltests or the same tests in 'cliffereht conditions, wile:,
ththe latter has totreat the ease in which different subjects respond to the same'

I,

. tests in different ways. ,Ttis Y of 'problem has been treated in the context'
. \ ,

of factori2t1 inv4kance i which how much a factorial structv.refound in one study
.

isi%imilaiant or. anot er study is being
a:
investiiited. Ves,tudies by Tucker'. e

(1951f, ;Leyden (1953), Barlow and Bun, (1954),' Zsc iert and Fijecnan (1953).
., .

Wriglek and Neuhaus (1;955),tMeredith (1964a,
.
196

. t
louse r964) are examples in this line.

,

and Pinneau and New--
.".,

,- 44
. . -

:.
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The general idea whichwe will Lige in this studyis'the fpllowing. Suppose
,--- _a

:
, that n items are given to Ns students to Wcfrk, and let the standard score of the

..:...
student for the j-th item bf.: z! The score, z. , is a'ssumed to be clete,r-,

Jis Jis
,lined by a composite of several basic abilitieS, so- cared, factors. If ,ms is the

number of the basic factors which are commonly involved in more than one.item,

z..
.

is expressed by.an equation

z, = ail x , + a., -4- i-,alo x u .
JiS S iSiS IL°. j j

rrIS rnSiS , IS
, . r -1

k s ' S' . =Nj 1, 2, . , .n)`'v. (i = 1 -2
.S 7

, t .

The coefficients a a , a 'express the contribution of itemj..

-I
IS'

i
ZS JnIS... ',

to e4'Cl-i_of the faCtorg is, Ls; . . , ms, respectively. 'They are often called
I:0 Ir IIFTW

, rr

%

.

the 'Common factor coefficients or the corm-non factor loadings. In this study, we
,II' Shtall use the term 'factor Q oefficients' instead of 'factor loadings'. If the co-

efficient a is large and other coefficients,dzeasproximately zero, one corn-
-11S -

mon factor 1 is dominant on the item j. The coefficients are invariant over

the students, it the_iteq't .is- specified, since the'y-are item attributes.

The variables-- --1.. x 3. ; . ..' , X . refer to the amount, of each basic, i..,,,,:,. 2,&s M
S

1S.. A

ability that-the"stufiekt is has,' and they are often called the factor scores of the
, . -.7 4

.
Vudetit is. rifx.

1 4.1.
, is great, the student i

S
s

rr isconsideredtobave high ability
,..,'S.S ' 1* ---t ",:g

in the factor 4 T.Ile factor scores are invariant over the given set of items,S' .

if the student is ',specified, since they are student attributes. x's are assumed

, to be sOdardized so that the mean item is 0 and the standard, deviation is -1
. -

The term u. a function Ofthe item and the student. It varies for each
;

item and student and it is called the uniqueneSs of student is. for item j,
.

,A SimilaK model bolds for the teacher ratings. If we let the rating .of'

teacher i op the item j be z.. , the z.. is assumed to be a composite of
t i T . ''. i T -4 .

several bas,i-c----objecties held by the-teacher and it is expressed by ..n equation
3

o 1 0

z . -7.

r.

a. x + a,7 x , Pt. . : . . . + a. x + u,it j1,1 1 i J`T `T"'T Pll'i mTiT -ii T

e ,

4

Sr
4*.

I 9

I
0

4.



(i T = 1T' ,.. N' ; is = -1-, 2 tom, ', `n)

iwhere a. , a, , . . ,,,,a..m are the common factor coefficients for the item
J 1 T J2 T ' J T

i j and x , x . ,. . , x are the common factor scores of the teacher
_..J.i
1

--Im m

2
T

IT m T i T -

T
. iTThe u:. is the qniqueness of the rating of teacher on the iterti j. z's

J 1,/,

andir's are also standard scores.- . -

III .. ,

. Factor analy.sis is a method for obtaining e common factor coefficients-for

12

each item 4nd sometimes to estimate the common factor scores for each person

under some additional assumptions.
74/

However, the coefficients aj a.
1' j2' ,' a. are nol:uniqueIy qterminedjm

mathematically. It depends on how the reference axes are taken, and they are
t

taken by somewhat arbitrary criteria. This is,zso-called, a rotation problem.

For example; if an observed score of the'rerson i on the item j is 1.5 and

the number of common factors is two, both solutions below satisfy the equation

of the model, -1`

z.. = xi" + a xzi u

1. 5 ( 7)(1.0) (. 1)(1_.

.; (. 5)(1.61 t.,;(.. 5)(0.0) . 7 ; z
There are an indefinite number of solutions that satisfy this condition.

One of Ore criferba which'is most commonly used is the principle of "simple

structure." If only one--comrh3:in,,factor is imolved-in an item, it is said tha't the
.

complexity is one. If more than two factors are involved ih an item; is is said
:'

that the complexity is two, three, lour,- and so on, .according to
-
the number 'of

---..1..

common factors irm.olved. It is obvious that minimum complexity would'be d/
..

suable for the description-of the variable. The principle of simple structure is
-lift

I. -astriteridn of minimum complexity of the factors for each item:**
.

i'
, . ,r

-
.

In the interpretation of the factor structure oftea.tea( her ratings, we must keepin
mind tlit'effe.cts of discarding the mean ratings. A consequence of factor anal- .

ysis of intercorrelationsi%that all factorsobtained are dimensions of.individual
differences. In this model for teacher PatingS,over-all'a:greements in ratings
are discar.ded. - ,

** ,

This,isnot.the rigorous statement df the principle of.simple structure. De-,.
tails may be found in, Thurstone (1947, p. 33..

,
5).. '.., -"

ea

2

4
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0
0

.

,
4,

The °Sher Rrinciple would be to take the reference axes so that the cii -,.o* .1,
., s

,bution of the first fak.s.:for over all the items (the sum a + a 2
21

+ . . + aZ

11 nl) is
- - 2",maximum, and that of the secondfagtorss. (the sum, + a22 + .

, .
a.1

2
. + a2

2
) is the' :n

o

next maximum, and so on: This is "So-called the principal-axes solution.
:7)

These methods are, however., the methods .eor rotating axes within a single

set of items over one group of subjectSt What we are considering Kerejsthe

determinatiop of axcs so as to take account of t-wo sets of iterns over different
.

groups of subjectS", simultaneously. .' '
...1 .,. 1 . . .

Suppoge that we shave ta,ken ms kommon factors from student scores for
01,

n items and mT common factors from teacher ratings for the same n items.

The ms and mT are not'nssarily equal. Instead of taking the sum of squares

of the first factor coefficients otter n items to be maximum for each group of
st

data, as the principal-axes. C-rie:thod dries, we -cpiild take the first reference axis.

so that the first fac r c_efficlents ofsi4n items for the student data are as similar

as possible to the first factor coefficients' of the same n items for the teacher

ratings On' the basis of the c.riterion of similarity the coeffCient of congru-,

ence which will be.explained later. The second reference axis also could be
.

taken so that the second factor coefficients of n items for the student data are as

similar as p6ssible to the'second factor coefficients of,the .sate n, items for the

teacher ratings, under th additional 'condition that the second factor coefficients

are orthogonal to th'e first one. This process could be continued until the pairs of

facpor coefficients are no long milar to each other. The system of matchpd

c,..fa tors obtained iun this way will be considered to be congruent factors. The
vik

first factor obtained,from the student scores is maximurnly congruent miitA the

,first factor obtained from the teacher- ratings. , The secoltd factor obtained from

the student scores is the next maiumumly congruent with, the second factor olf/
tained from the teacher_rabings, and SD forth.

1
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The degree of congruence will be defined as the sum of cross-produ is of

the matcfcen..factdrftefficientjs, where the unit factor coefficients refer tos .

. i& ,.the normalized factor coeffiCients over n.items so that the sum of the squared

befficients is unity., This degree of congruence will be called the "coefficient

of congruence". The coefficient of congruence roughly resembles a coefficient

of correlation, but it is not exactly the same, becaus/e the coefficient of cngru-
v

ence refers to the sum of cross-products of the unit variables, while the co-

efficieht of correlation,refers to thg sum of cross-products of the deviations from

the means with unit variances. The coefficient of congruence varies between -1

and +1. +1 means that the two matched unit factor coefficients are identical ,

with each other, -1 rfleaps that they are 'identical in the iniopsite direction,

'-and & means hat they'are t4irelated.

'Defining a minirritim coefficient of congruence, below which the pair's of

.factors are not considpred.to be congruent any more, we could oktain r sets of

pairs. of congruent factors. Ther le'ss than eithex m or mT The °
4

'N.r-est Of the student factors (m - r of them) are considered the factors th`at are

involved in the student scores o91y and non-congruent with the factors for teacher

ratings. The rest of the teacher factors (m - r of them) are considered the

factor,s involved in the teacher ratings only and non-congruent with the factors

forthe student scores.,

What we are going fo.do in this study is to find the cong uent factors (if .any)

3

involved in both student performance and Teacher ratings for a given set of it

If any congruent factors are found; the ,degree of congruence will be studied.

Three kinds of data for student performance will be used. The first one is

scores.of iternaon-the pre-test administrations, when the contents of the' items

had not been taught. The-seco5--ene is the scores of items on the post: test
.

administrations after the contents of the items had been.taught. 'The laSt kind of
. .

data is the student gains from pre-test to post-test on each item. Factors
..._

t.



*

.

4- ,
..,

,

, folund fi'OIn each set of 'student data will be matched with the faCtors found from. .,
'' the teacher. ratings and the degrees of congruence for e h case will be corn -i # .

; 15

;

, .-. . .pared. i
. .....

the rest of this chapter will be used for more technical development of the .
. .

computational procedure for gettindcongruent faCtors. Its Main idea is borroiked
,

from Tucker .(1951) and Wrigley and Neuhaus (1955).,

A Mathematical Rationale,for Matching 'iNvo,Sets of Fad'tors

Now, let

an d

ZT

Zs

--

, .

z1.1 ?12T
2T

4

7Thi, .

= I, 2, n

IT IT' .2T'
zn1 zn2

,T / T -z hNT

a

z . z
11

S
12 '1' 1N -

> -`S S
,J = 1, 2, .

4

. *.Nt
o e",

)

OW *

4.
J1S

is = 1 s*, X25, , NS,

riNs4!n1S 2S

where n is the number of test items used,
.

N' is the number of teachers who judged the items, an'd

o

N
S

is the number of studenti Who took-the tests.
,

, . .11Ci 't .

Z,1, is an n X N
T

matrix,,hose (j, ii,) element is a standard rating of the
l i

(2).

,j...-jth item judged by the im-th teacher.

Zs is an n Ne. matrix Whose (j, ) element is a standard,score of 6.1e j-th
, . ,S

item obtained by the is-tb student.

-

3
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. i .
, 4 O

, 41 0.

,... I
1

t . .. 1 64 ik... ..,

- .4'When.we are talking of a gain score-. of post-test from pre'-test, z. woulsi '
'31.S 4

.. . ,
.

be the gain score of the j-th item of tile is-th student. When we are talking of
. . . 41*a performgnce score of the post-tes.t only, tile 4. w61-11d be the -1)erformance

. .
LIscore' of the j-th post -test item of the is--th student, ana so on._ -A's there is .

no difference between the ki s of student scores in the mathematical formulation,

we shall notdifferentiate Lhese scores inthe following discussion unless the clif-
f .

. ...

fleiente has a special significance.
.

-Ka ..Poi,Matrices Z
'E.

and ZS' the itms bearing, the same row number j rep-
, .

,..resent identical items, but the difference is that the one is given to the'teachers
".
... . gito judge and the other is given, to the students to work. ,:,_ , .... , . .,

. . ,

For each row of the matrices ZT and ZS' the scores of teachers and stu-
.

dents are assumed to be

4

N
1

T'
NT F

'T
=iT

standardized,: for 'convenience, i.e. ,

0 (3)

N
1 S

.

'
0 ''' (4)

j
--Ro 7 zi

S4.' S eb
1

.
A

S
= 1

1
NT

2
= 1NT

13,iT
IT =1

1
NS

.1... TT z = 1

S iiSis=
(6)

Hence, the products of Z Tand its transpose Z divided by NT yields a matrix
'T

of c'orrelatiorAcoefficients between items judged by teachers,L.
1 'R = Z Z' (7) .

T NT T T ,

Simularly,

4

(8)

4
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. I

'which is a,matrix of correla,tion coefficients betw t.'en items of tests for students.
. .

Both RT
and R are n x n symmetric, matrices whose, diagonal elements stand

tea.for a unit variance of each item. ,

17:

According 40 the ordinary model of factor analyg is, each of the rhatrices ZT

and ZS is apurn'ed to 'be.factorized as
,*r

and

ZT A X UT T UT

Z mAXAS XS
S

or ZT and Z are approximated by
.ZT = Z , = ATXT,

and Z
S AS'XS

is an n x mT. matrix (mi. ,n) which may be 'called a factor coefficient

matrix or, simply e. facitor matrix for teacher judgments an items. X T, is an

mT x 1.1 m trix (rnT NT
) which is-called a factor score matrix for teacher

T

judgments on it ns. As and Xs are n x ms (ms < n), and nis x Ns (ms Ns)

matrices for student scores, an-A called a factor t oeffic4ent matrix and a: factor

score matrix, respectively. Neither mT nor mS ,are greater than the number

(12)

of items n which is not greater than either NT or N but mT is not necessarily3'. ,,
_...- . ,

..etjualto m Since the analysis of Z'T and Z Lai be ddri.ein parallel, We shall
S S

,

$,

sin-iplyt refer to Z,- A, X,, Ur arid N,' for a while, instead of differentiating ZT .

and ZS ' AT and A ' X T and XS ' U T and US
NT and NS' etc.

S

A and X could 8e determined various ways (see'Thurstone, 1947 and

arrnan, 1960.), One way is such that the distance between Z and AX with a

lower rank than that of Z its minimized in `a least squares sense, as in the devel-
:

U couldbe re-opment by Eckart and Young (*1936). (Sere also Horst, .1,963).

garded asan error part of the approximation.*
1`

$

'The choice of using the Eckart and Young development corresponds to deter-
mination of principalaxes factors from thecorrelation matrix with unities
in the diagonal cells rather than communalities in these. diagonal cells. Recent°

- work by Tucker (1965) using simulated correlation matrices indicates that
principal axes factoring of these correlation (Ontinued to the-next page)

*

. 3
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4..A
According to Eckart and Young, .a matrix Z is constructed to thedesired4

degree of_approkimation in a form
..

2 FLA ,

where-TF k brthdnormal matrix such that
,

F'F, = r k''

whiA is an identity matrix of order k-.

(13)

(14)

L is a kxk diagonal matrix whoge diagonal elements are positive and ar-

ranged in descending order .of magnitude, and 4

X is a k x N orthdgonal matrix such'that

1-7-/
1 XX/ =

k

If we let

A = FL

equation (13) becOmes
A

=Z AX .

(15)

(16)

.er

(17)

In our present model, we could start from the intercorrelation matrix

R = ZZ' (18)

18

The components F.., L, and .X in equation .(13) could be determined from the
. .latent roots and .vectors of the interco.rrelation,matrix, R. Since R is a 'square,

S.

'symmetric matrix with unit diagonal elements, 'R may be directly analysed by

the ordinary principal component analysis (see Hotelling, 1`)33, and Harman,

.1960). *-

Let.,R be approximated by

, . . .

4. matrices with unities in the diagonal yields factor solutions closer to inpul
common /actors than does factor,analysis of these matrices with - communality
estimates in the diagonal cells.

R = FiZZ'

"rc.

33
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From (13),

RA.= 41 (FLX)(FI,,X)1

-114(FLXX'L'F') .

Since LXX; = I and L = ;lien

A,
R.* = FL2F1 .

rp

Wie should notice that, L2 is identical' with latent roots of r,,ancf F is a set

4

(20)

(21).
'1

19

of tinit latent vectors associated with L2. This could,be verifiettlby post-

Multiplying both side's of (21) by Fes.'

ARF = FL2F'F = FL2 . (22)

The product of the matrix R and by eachof the column vectors of F is a vector
ry

which is proportional tothat EOlumn vector of F. In each resulting column vector,

the constant of koportionality is the corresponding elenlent of the 'diagonal of L2.
i A .

This means that F is a set of 'latent v, ectors of R associated with k latent,rootts.
p, s . AFurthermore, since k.latent roots of R are the first k largest roots of R

., ..
(Harman, 1960), the Eropor ''on of the sum of the diagonal elements of L2 to those

A 7of R indicates how closely -t matrix R (= TL 2F1) with rank (k < n) approxi-,
mates the matrix..R.

,Since A = 'by (16), equation (21) yields

= AA' .

Since F'F = I by (14) and L i's a diagonal matrix,

A L'F'FL

= L2

(23)

(24)

D

. .:

Equations (Z3) and (24) also indicate important properties of matrix A.i. -,.

Let us go,back to our prObleifn. Here we have two. sets of data, the
.
one from

-;
, -

a. group of teachers an d the other is from a group of students. They are .expressed
...-..

0



and

where

and

ti

f

.AT

= An:XT = FTLTXT,,
A
Zs =-t = .; XS S . S S

a * a alm11T ,a12T T

a
PT

xant a
-T-

nmT
/

a:1 a2T'T
/ a - a 1(28)mT

, .

0. ,=,1, ,
,..----., .

. , n ; ..-:. , 2,:, ,
1. .

(25)

(26)

( rf_fir

,

a _a 12s11S 12S

As= a

.factor from the students', the vector a/ is approximately equal to the vector,

a a aan ls- n2s nmS
-

al a2
S S

(29)

a a 1(30)
ciS mS

(j = 1, 2, . , n a 1 2 m ).- ; s; s; , s

The elements of matrices- (28) and (30) represent column vectors obtained

by partitioning (27) and (29) for eachcolumn, respectively:

Now the questioVes how-similar are the ttvo factor matrices AT and 1,k to
*

_
*

each other. Ifthe first factor from the teachers' data is similar to the first.

20

..L.r. al . If the second factor from the teac-hers' dath. is similar to the second factor
S

. , .
. . ,fiom the student', the vector a is approximecely equal to the vector -a2., and

.

2T
V" S

. ..14'0-forth. ,

'As a matter of fact, the( coordinates in fadtor space are chosen in somewhat

arbitrarc way. "Hence, a transformed matrix

B = A T
T (31)
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also gives usia jact r matriA. ha2ring differer4 cOordinate§. a tx.ansfor-

mation matrix, Srnflarly, we could have a transformed matrix

for students

B
S = AS

T
S

- (32) .

.
ata. Our prOblem is to choose factor matrices E and B so- . .. . 5

that the si larity between two factor matrices is maximized by setting adequate
. . r

CZ° 9 rd inat 2* IlL

t
Fir t o-f all, an index ti? expres the degree of similarity betwe.enywo factor

matrices has to be dete rmine.d. When two factor matrices are given by (27) and
....

(Z9), the degree of similarity of a factor p in matrix (27) and a factor ci
. .

in atrix (29) could be defined by -('''
1-144,:e

'n 4.4,,,,,

a.
PT J

a.
ci S 1 7

i =.1
' J

PT jT' 2T'
h = I (33)°

. PTc1S n n. \clS` is' 2S' ,

Ea? Eat
3PT JciS

J =1 = r
...,

Using the vector. notations of (28).and (30),k..

h
P Tc1S

a )

T ciS It

(a'
PT

If we express all the h_ 's
PTqS

a )('a' a )

PT c1S.. ciS

ilea matrix form,

a

I-ITS = DI TA' A D-a
S

where the elements of HTS are h .

PTc1S

.." DT is a' diagonal matrix whose diagonal elements
' are equal to the diagonals of AlT TA , and

D
S

is also a diagonal hia.tri,e whose diagonal ele-
ments are equal to the diagonals of As'As.

(34) ,

(35)
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. i, .
tIf the column pT of factor matrix AT and the column qs of factor matrix

q
As are identical with each other, .

.

:' 11 = 1 . (36) 4',
,.

PT C15
. ,v 0

If the two columns are` orthogonal,
...

, h = 0 .
pT 9S

h varies from to
PTqS

(37)

. .

.; . Such a rneasdre o'f the degree.of similarity is the same as Burt's "unadjusted*- 1

correlation (1 48)", Tucker's "coefficien.t of congr'uence (195,1), " and Wrigley

O

and Neuhaus's "degree ofiactOl: similarity (1955) ".,

Now, the coefficient of congruence, which we shall use in this study, between

two factor thatricesBT (= ATTT) and B S(= A
S

T
S

) in iqug.tions,(31) and (32)

can be maximized by choosing adequat6 transformation matrices as follows. .By

defining a congruent space between two'factor spaces B3, and Bs, the first

factor of BT is-matched with the first factor of Bs so that the highest coefficient

of congruence is obtained. The,, second factor of BT is also matched Ikith the

second- actor.of B
S.

with the -second higheSt degree of coniruence 'folding the
,I. .

orthogonality to the preceding factors, and so forth, until a signifiCant degree of

congruence can not be obtained any more. Generally, the number of congruent

factors are less than the number of ether factors of AT or of AS'' Non-

r'congruent factors are considered as factors accounting for only one of the factor

matrices AT and AS. - I' .

rNow, let us consider two orthonormal matrices F T and F
S

such that

F T
=- Im

, FS F
S

= Im as seen in equation (14). As F
T

and F
S

are,conn,' .T S ii, ".-.
sidered to be normalized factor matrices o f AT and A S' respectively, over

i. ,each column, the coefficient of congruence between two factor matrices AT and
,

As defined in (35)-is simply-gi.ven by

H F'TS T F
S

;

(38)- 11
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.
Suppose that F

T
is transfoimed, post-multiplying by a u nit m

T
.-vector

, . , ,

v1 (V1 .", VI = 1), and Fs is also post; multiplied by a unit m5- vector
-T T T

vl (V
1

v
I

= 1). The coefficient of congruence between the transformed- vect ors
S S- -S 1-

,.

F
T

v
1

and' SvI is given by
T, .S

since

hi 1 (-FTvi )'(Fsvj ) , (39)
T S T S

(F
T 1

)'(F
T

) 1 , (40)

0

and ,
4 (FSv 1s)1(FSv 1s) = 1 (41)' ,

... iiir

The maximization of h
1 1

by choosing adequate weighevectors y1
T S f . T

. and v
1

under the conditions (40) and (41) is well-known problem of canonical''
$

.8,, ..,analysis Anderson, 1958),

We may define f

J = hi - 1 )4(FTvi 1} 1 ((FS Is)'.(F0v ) -
T

1 1
v!". (FfrFs)v iv, - 1) - (42),

S T T S

where X. and II are Lagrange multipliers.

'Differentiating (42) with ,respect to v1

to zero,
J = (*F'F )v - xv 0 ,

vlT T -Sgb 1S 1T

(F.,1-:s)/ v1 - v =
a v1 1T

.S

4rik.
Pre- multiplying (43) by vi and ribticing that

and /1 and setting the derivative's, equal
T S

<-'

.(F v )'(F v ) - = 0 .
,T 1T S 1

Mb

Pre-multiplying' (44) by v 1 and noticing that
S

N.

(43)

2 1,

A

(4)



4

as

,Since

t

'

(FtV (jitr 1t -'11"="13S'" T

(F.S1s)1(FTIll ) '= 1FTvl )1(FSv, 1 )
T S

4 =

,Multiplying (443)

(ElFs) X vi - )k.v = 0 .

13y (48), 4(44) y}el/c1.--

-. (FT; Fs)'vi- 111111kv,2
rr __ T IS

Sub'stitiiting -(50) into (49),
A ."

(F' F y(Fi
S

4
"'`,A, If we let
Ier

(51) ,yields

GTT (}T ''F )(F'

(GTT

Multiplying 144) by .and ieplacing 11 by
"'k (,Fr}"; yl X v -= 0 .

T,14$ 1 Is

Substituting, (43)491. (54.):

4.

If we let

(F' F y(riT S T S
4.

2v = (4),
1-

S. , ...

= F:s

fields

Xn2 I ) V =
1

ift

Ito 2 a

2A

(46)
a

(47)

(49)

'

. 4."

..4 (50).. .,

te

/44.

. ,

t.

V

(51)
-----4. ,, .

.en)

(153')

A II.
is,

(54) .

(56)

r

C

. II
,,_ : 6 ,

'frg. . ( 57)
S --- ' 7 .

,...,' To find nbn-zero _vectors satisfying ecitiation (53), is an ordinary latent
V ' . . T

'root problem ', or ipt i 4 e ciften ailed an ", eigenvalue problem", and 'X2 4 :a.
. .

. lea
. .. ) \

C
o

4
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. . -,
positive latent root of GTT Similar relations hold in equation (57). :X, 2 is

.
. also ispositive latent root& GSS, and v I is a non-zero vector associated

SS'
., ,S...with. X2. The condition that the equation' (53) 7) have non-trivial solu-..

tierr-i-s that X2 is a root of the char acteristic equa,tions4I G,1.14 V I I

= 0 ,

4
GSS X2I = ° 1-

If the rankpfi so is the rankoi-Gss,, and (58) and (59). have the same-"
r distinct pOsitive latent.roots unless they are special' case .° Let X.21, X2

,,(58)
(59)

. f-..).211 be distinct positive 1 tent -oots of GTT' such that X 2 > X 2 > X2
-1

and
2 r'

1' .1
e O. 1.

,'"lip p V2. , ... , vr be non-zero latent vectors as ociated with these toots,vl :.

TT. T . T --. ..
respectively. The distinct positiVe latentrositg of re also given by 9,

Of -
. .. , . .

4Ake ^

X22, . . . ,- -X 2 ,. arid .1.t. <7
4 r 1 ' v2 ' ' v be non'-hero

a- g
ent ve.ttots associated

S $ , ii. -4, S , 5

. g . . V;with these roots. o G -respectively.SS ,
.. ke

. If we take the first largest root ..arid the.associate-vecto-rs \for- 5 ..,

\r ' .

1 4 4T
GT,T and v . for, G the-.coefficient ofitongruence between- FTv' at

. ...%,. .,
-;. .40 Z-Sy'ls1 . SS'

defined,by (39) is maVmized:
c

.) it , - I, '
,'.......

hl
1 Tvl` )?(F

S
v ).

T
ag.

.

, F ...-."/ 4 -T 5 vl.' A

" ski T . s S )-

s.
Since FT i F vS 1 -,.- ). iv I* by (43) and v. vl

S ;, , T

h "
1 I = N.* >. 04 .,T -S .1

110 . 4rS'

,If-wertake.the secNA4glirg. X2
2

and the as,'ociated vecto;s

.

4

.-.-G and v for G the coefficient of congruence between.4 IT 2
S

S' '=,rte <,,

)' .

Tsvz is given by sirhilar procedure to (61), i.e.,
° S .

/ 4

O

h = (> 0)2 2 2T S

4.

-/

(61)

v for
2T-,

it ar}d-2, 4

-(62)

,

.r . . 4..

.4

4

o '
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and _it is maximurifin the residual' space cf6firied by

(F' F ), - (F )(FS v1 )1.
S T 1T S S.

26

Fiirthermore, it is known that -111

-4z

and

v = OZ,
IT- 2S

7,- = 0'i

2
= h2

1
= 0 .

'T T S .

(See Harman, 1960; Horst, 1963). This procedure be Coltiinued until the

vectors yr and vr associated with are extracted.
T 'For simplicity, if we define 4n r x r diagonal matrix

.(64)

(65)

*

and an

A

A. ='

X

NZ.

.

X r

mT. r mattix made-81 colurtin vectors

V. = [vI v2 . 9 . yr 1*,
T T

; fr.equation (53) is expressed in a form

vl , v2 '
Tl T

0 0 0

(66)

GTT A2 = V
T

A,2 (681.

,where ' V T
= Ir (69)

Eby
T

the prp-eity of latent vectors. Similarly, we can define an m X r mafrix,
oilfcblumn ,vec for s v1 v2 ' 'rS

V =- [ v 4 4'2 . vrs-]* (70)
S , S

c5 der to s sfy equations (43) and (44), it will sometimes be necessary/ to
.4%

djust the directions of the column vector's of VT and VS. -
.



Equation (57) is expressed ina form

r G A2 = V",4 71,2SS S
.

,where ViS V
8

,, I r (72).
i¢

k.
, _

c,,
:--

These A2, VT and V
S

can be obtained by ordiAary principal component oethod

for GTT and Gss (Hotel ling, 1933; Harman, 1960).1- ,\ .r
17

27

4.

By the way,--vas seen in the equation,s (43), (44), and (48),

(FTFS)VS VTA* ' (73)

and (FT FST = V A . (74).

These equationscould'be used for solving the dne..set of vectors whenthe other

set of vectors is given. For inst nce,

when V is

VT. = (114,Fs)yst F-1

given, and
t

VS (ITFSY'YT.S. 74
(76) .,

wljen .(/' is given.
T

Since the Vei., Can be obtainddb:y so4..ving the latent vectors

(75)

*/- 4'!
s

of GT ;-' and the V
S

canbe independently obtaiAg 1:fr solving the latent vectorsT..-: .

of G" the equations (75) and (76) can be sed,for checkint computation.. . :.

SS' u.
ve

idA ,

Thus, by the transformations of FT byiVT' _a:9cl °Fsby Vs , we can define

new factor matrices BT and Bs ill whichthe,firk factor of 13T .i. maxi al

matched with the first factor bf 'B,, the "is.qc-ont factor 9f..B is, n'ev4 maximal
.a . ,

a ,,, i y , .: T

matched with the second factor ;of A' -holdein the orthogonality to the firs$, fae-

tors, and so on, -until the last at tb t-th factor of" BT is least maximal.
0

.

matched with the r-th factor of IS6 hofding their orcthogOhality with all other - . .

i ,..;
factors: The'senew matrices are expoessW by

4 . , 4 :
13T j= Fa%Ve.

13g -.SITS
1

and

r
t

ti
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.

The coefficients-of congruence between factors in different sets are given by

matrix

=I S B-4T8
S

7 A , (79)

'28

4whose diapnal elements indicate the coefficients of congruence between matched

factors and whose off - diagonal elements indicate the coefficients of congruence. . ,/
' 0

between unmatched factors. , The coefficients Of congruence between unmatched
-..,, ,,

factors are supposed to be zero within a rounding error. As the.diagonals of
, . ,

13T B
S

are ar ranged in descending order of magnitude; tee'last parts of the,
, .

diagonals might be small and negligible, Only the first sever i1 factors having

large coefficients of,congruence, saly over 0.9, could be considered as con-
W. . . - ..

gruent' factors and the rest as `non-congruent' factors.

Tp, cross-product of mQat.ri'x'BT witl-e-itself is the ideritity

'Similarly,
..0

. Bi=13 = IS S r
Since the-sums of squared coefficients- over n items are all, one as

4

seen in,equation100), the BT is considered as a norrtialized factor (oeffiL lent
.

(80)

(80

matrix fpr teacher ratings. Similarly, the BS
is a normalized factor co(' fi-

..

cjent matrix fOr student sc.ores. orh, normalized factor matrices would be

convement.foi the f_-o parlson.'66tween two factorial strut tures with different

units of rneasurement.By,,theway, when A T
and A'S are already givep, as seen in the equations

(31) and (32), BT and Bs could be obtained directly from A and A
S by

a.
-transformation matrices T T

and T
S

respectively. Since
_ 41.

AT = FTLT
'

and = FS S .'$

. by thedefinition , then.

S

. .

-



. and

I ,

FT ='.A.TtI,.1..1.,

F = A L -1S SA

tir

giubstittiting (84) in (77) and -(85) in (78).

and

H nce

and

B T T.
A' L-1 VT

ato = A L -1 VS S S

to
= L 1 VT T '

s BLS

(86)

(87)

(88)

(89),

In the'next few paragraphs, the computational,procedUres for determining
, ....... ,

factor matrices,13T and B S. will be summarized.

Summary Of the Computational Procedures

29

1, Obtain the intercorrelation matrix RT between ri items judged by,teach-

ers and the intercorrelation matrix RS between the same n items performed

. Ey' s tud-ents

b '

.
2. By the princiPal c'orrilionent method, find a diagonal matrix L cow

_ .,-. .

sisting of the irst mT significant latent roots of RT an their associated unrt
-. .

vectors FT where ,P T̀ FT z-- I' Similatl'y, find the first mS significant
T ' f-- m .

-,,. ,Z.."-.latent roots ,matrix. 1.;
S.*

and the associated unit vector s F
S

of RS where
.1 $i 1

FS FS '= Im
'4. . S

. 3. If desired, compute AT
= F

T
L

T
and A

S
= F

S
L

S
which yield principal

. ,, .. ..

components of R, and R9, 45f spectively, in Hotelling's s4nse0

1 . 4,',4. D,eterrnine the positive latent roots matrix A' and the unit vectors `VT

of GTT de'finea GTT 7 (Vrrs)(Fl,Fs)1 by the principal component method.
'5; Obtain VS := (F 1TF SVI/T A- sr , At , --

C

rr.

'4.
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,6. Using the principal component Method, find the positive latent roots

matrix A2 and the unit vectors \t/
S

of GSS T
= (F' F

S
)'T(F' F

S
) reflecting the coV--

umn vectors of .V$ if necessary. Check if A2 and Va are equal t6 those ,found

in the steps 4 "and 5, respectively.
. -00 \/ 7: Obtain VT = (FT FS)VS

A-1 and check if it is equal to the valu2s of VT

found in step 4.

. 8. CoMpute the BT = FT VT and Bs = FS VS. Both BT and B
S

give us

the most livontr'uent factor matrices with corresponding columns.

9. Compute H,rt
1

Apse elements are the coefficients of cong.ru-
,

4

. Li..:ence between two sets of factors. Check if t(BiTB
S
) 2 is equal to the latent roottis

. 1 .
-

.

matrix A 2 'or,GTT (or Gss) obtained in step 4 (or step 6).

40-

4

...

r
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THE COLLECTION OF DATA

1. The Construction of Acliievefreent Tests

r,

Our work started on the construction of test booklets for, students whichw-ee

based on the first five cliapterf of 'High School Mathematic s,ICourse 1 by

M.: Beberman and H. E. Vaughan (1964).

The conteAts of the first_ five chapters. of the telct are as follows:

Chapter 1 Numerals

Chapter 2 Real Numbers
t4

Chapter 3 Properties of the Real Numbers

'Chapter 4.

Chaptet 5,

The Languagit of Algebra.

Operations, and Inverses

Forty-three percent of the total pages of the text are in the firsts five chap-

ters, and these chapters are presumably to be stqdied within the first semester,

even inthe slowest class.
. -

Determining the format of the tests posed a problem. As our.purpose is to

find a factorial structure ora set,of tests having different contents, `Intercorrela-

tion coefficients between these tests have to be computed.' To obtain reliable,'

correlation coefficients, howeVer, it would be desirable that ea-ch /1k-st, in the

general sense, has an interval scale whose scores distribute in several ordered

categories rather than in the two alternatives, of right or wrong answers. ..A.t the

-. .
same. time, we want to prepare different kinds'of tests in great variety So that

. Oil ,
. .

fib important contents are excluded from the given set of tests. It is a kind of

dilemma to require both that Yong reliable tests and that many ,kinds of tests are
1. .. .

miLSo be given at,the same time within a class hour. .

..
4

3.1
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(
As it was estimated that nearly a hundred short questions could be answered

within an hour eee.ss period, two test booklets were constructed, designed to "0-

solve this dilemma. The first booklet, which will be called Test I hereafter,

has twenty-five items all but two of which have four sub-items,, Test I covers

the contents of the first three chapters of the text. As indicated earlier, these

groups of sub-items w re treated as units, i.e., as the items for teacher judg-
..

ment and as short tests of student achievement. They are hereafter referred to

32

as items the items of the two test booklets. 'The second booklet, which will be

called Test II hereafter, has twenty-nine items covering the contents of Chapters

Four and Five of the text. Each of these items also has four sub-items except

one which is a theorem-proof type of problem. The sub-items within each item

are similar to each other in content, and controlled by the same instruction. It is

assumed that the sub=items of each item measure the sarrle ability, and the

ferences among them depend riot upon the kinds of content but upon the degrees of

difficulty. :t

Special rules were adopted fot scoring the e,xceptional items. Items No.

arid No. 6 of Test I were simply, scored right-or-rong, because these items

needed more space for presentation, and there was some difficulty in making
)- .

fpur questionsof the same kind as well. So.as to conform to the other items in

scoring, a`cr'edit of four W-as given for a correct answer and no credit for an

incorrect answer to these questions. Item.No. 29 of Test II was also a single

questidit hiving no sub-items, but the task was t9 prove a theorem by a step-'

by-step deduction,w and' the students' work was graded from zero to four.

soF

This idea would naturally lead us to the concept of radex theory developed
by L. Guttman (1954) by which sub-iterrks within the same item are..to con-
stitute a simplex structure. The items here, -however, were not actually ex-
amined from this point of view.

$

I 2,
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All the rest of.the items have four sub-items, ,to each of which a score of

one was given if the answer was correct and zero if the ansv.er was incorrect.

Consequently the scores on each item were distributed over the range from zero

tb fOur and the resulting scale was treated as if it were an interval scale. Some-

one might say that the, range of the scale is still too narrow for computing a

product-moment cOrrelation coefficient; but we preferred to collect many kinds

of these very.short tests (items) to having langer'but fewer tests. There is one

practical advantage when the maximum score of each item is four. When the

gain score of post-test from pre-test is computed, the maximum gain score will

be positive four and.the 'minimum negati \e four. Braddinga constant value of

four(' to every gain score, the range can be changed to from zero to eight without

changing the variance and correlation coefficients, and it is punchab.le in one

column of an IBM carcti.
4 L

. The items gii;en in the:iv.° test book,letre shown in Appendices C and D.

For convenience, to refer to an.item of. Test II in later discussion, one of the

consecutive-integers from 26 through 54 will be used ds shown in parenthesis

by the original item numbers of Test II. In Test I the item numbers from 1 to
4

25 will be used, to refer to the items.

Data on more items were originally collected,, especially for Test I, for
I

experimental testing, because the pre-test at the -start of instruction of the

course was the first such experience for us, and we,could not figure out inad-

vance how students would react to'4uch testing. From the experience of .ex-

perimental testing with three classes.at Arlington Heights High School, near

.Chicago, both the tob -easy items and the time-consuming items were deleted,

and the number of items was reduced to 25 so that.most students could try every
.item within a class hour even on the pre-test administration. This was par-

.. ..ticularl}tecessary in order thatthe intercorrelations between items located

A
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near the end of the booklet wouid be meaningful. Items in Test I in Appendix C

and Test II in Appendix D are the items finally used.

For both Test I arid II, some items contain sub-items of the multiple-
,

choice type,, some contain completion type items requiring a simple numerical

computation, and some require that students have a logically written solution C.

like the proof of a theorem. TO increase the variety .of items, some of the sub-

items are the same as _questions in the text except for- the given numerical values

while others are-leis closely related to the examples in the text, althob.gh the -Ns"
wo,

given objectives are the same. Some of the sub-items are,not given in the text

at all or are based on material given in later chapters..

In Tables 1, 2, and 3, the items are classified with respect to (1) the form

of answer required of the sOlents, (2) the abilities required to answer' the ques-

tions,-aa:nd (3) the degree. of relevance of the content to the text, In Table 1,

the answer forms are classified into three categories, (A) multiple-choice form,
kd

TB) cOmpletiortiorm.with simple numerical values or algebraic variables for

answers and (C) c,pmp/etion form with tome written work. In Table 2, the
.items are classified according to v.hether (their questions are based on (A)

, . . . ,. h.
. .. .

student's unde'rstanding of basic mathematical concepts, (13.) the student's corn-
.

putational skill, or (C) the studs is ability to apply basic mathematical prin-

ciples. In Table 3, the item are ,classified into three categories. If the ques-

tions are''the same as or a slightly .modified form of a question keen in the text,

. they are 'classified as A. If the content of the questions is based on the text
_ sf

ibut soiree ability of tra sfer froth the text is required, the item is classified as

B. If the content, of the questions is not treated in the given chapters or irrel-
,

-. .

evant to the tect, the ifem is classifi. , Briefly, the Items of Type A

.ppntain questigns closely related to the text, the iterris of Type B contain 9tess

tions moderately related to the texts and those of Type C have questions least

related to the text.



^i4a

The items in the two tests were based, in part:, on a file tlf test items which

the UICSM Mathematics Project had developed as achievement measures for its

first course. Some modifications were made,to conform to changes in the

latesf revision.of the -text. Some new items were created to cover more ad,-I
quately the chapters in the text. In this process, consultations were held with

the project director and several other .staff members. However, some items

were included which did ot fit the text well in order to alloCZ more Opportunity

for teachers to disapprove items. The classifications described above were

made by comparing the. items with the examples and' exercises in the text':5

Although-they were done subjectively by the author, they were made only after a

considerable amount of detailed discussion of them with staff members' and

experienced UICSM teachers.

sr

rr
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TABLE4
4

'Classification of Items with Respect to
Answer Forms

Frequencies

A: Multiple-choice 26 1,
24,
41,

B: Filling with Numerals 17 2,
or Algebraic Variables 17,

C: Written Work / 11 9,
33,

54

35

Item Numbe,rs

5, 61 12, 15, 16, 19, 20, 21,
25, 26, 28, 32, 35, 3b, .37, 40.
42, .43, 44, 45, 4b, 49, 50

.

3, ' 4, 7, 8, 10, 11,,,--13, 14,
1:8,, 27, 38, 39, 51, ,52. , ;53

22, 23, 29; 30, 31;
34', 47, 48, 54 ,

TABLE 2

Classification of Items with Respect to
Required Abilities-

Frequencies Item Numbers.

Understanding of
Basi.C. Concepts ;

B: Computational
Skill

C: Ability of Application of
Basic Concepts

t

19,

16

19

1, 2,
39. 40,

3, '4-,

1718,

.5, 6,
_37', 38,

11;
41,

7,
26,

12,
47,

15,
42,

$,
27,-

16,
49,

19,
43.

9,
31,

23,
.50,

20,
44,

10,
32,

28,
'51,

,21,
45,

13,
3,3;

29,
52,

-22,
46,

14,
34,

30,
53,

Writ

24,
48

35,
54

25,

- 54
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TABLE 3

36

ClassificatiOn'of Items with Respect to
the,Degree of Relevance to the Tex.

Frequencies

A: Closely Related 22 1,
.31,
...

. B: Moderitery
Related

*20.

0

4- 5,
37.,

--- 0: Least Related 12 9,
18,

54

ti

Item Numbelis

2,.. 3, 4, 7, 8, 11-, -2Z,. 23, 26, 28,
33, 36, 39, 40, 41, 42, 46, 47, 48, 54

6,
,

10,
19,

r,

i
?; ..

12, 16, 24, 27; , 29, 30, 32., 35,
43, 44, 45, 4.9, 50, 51, 52, 53
t

40. liir ..

13, 14, 15, 17,
_20, 21, 25; 34

I

.

#
J.

#
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The Sairiple*"bf Stddentp and Test Administ5,ation
-149

and Test II were given to all he students
.. ; 1,t,.

text, igheSchOol Mathematics, Course 1, i'n the Pekii .
,

in Pekin, Illincii:S. TheY.we'r*.;cith grade students..
1

A
,

Test I was administered as a_pra-test on September 11, 1964, within
. .

q

OP

were-using the new

Conimunity High School

..tkree da.yt,a:fter the new semester started. Test I was also administered a-s.:0a.
..

tut.

post-tedron Ogobe,r P5 within a few ays after instructi,orrin the first three

"chap-ter s was firlished. Test 'II e-test was given on October 16, the next
r-

day after Test I Wistigiveri: a'post-test. was give/OCIDecemberw 21,. .
when instruction in Chapter's Four and Five wag fii-tished in iwst classes. The

. Ni>
a testing timewaS sixty miniiteg for each administration using an ordinary class

00,
1

-so.

The cti.r.e,tiRris to the stirdents.at the pre-testing time on both.Tests I
S.

,

4:44P-2

II Were as follbvis:

This' test conta ins a number of questions on mathematics '

designedto.determine what/you may already knowof some topfc's
-0 . .

- , ;...7..you are ,going' to, study.
.

Most o'f .tAe.p" rolsrems in this test .i
have' Studied Ilrevious Therefor

what the 'answert is, a.).th'ciugh, the way in vstkich the, prablerri is
-written rhaY:b:e-nw tb you. 4

. i . 4"' ,

Thi4 -tOst 'will btoused.4.2.,find out what connections you
can, see between} whaP.y,ou have studied earner and what ycou
are abotit to 'Study. .44 H o W e v e r , if you can find no way to sobve
SOrne of the proplernS, do not worry. You are riot expected

. . 1 .to?pe rarhiliar 1,1,1ith all of the, questions altcr this test ,will. not
I. ,,,'af ect yoiur grade. ,

-.---
; '

. '

e closely felated to What;
,.you FatvlIften guess

. , its 4
iTry as harcifas p6'1/4s*ible,id-a.ilfwer each question so that

yoL wIliThave a iii,,gh scsbre. J When you 'rriket a difficult ques,
tiorifigndklop't f4ailly'lcnow the correct answer, guess at it; ' '
and you/may be right.. 10,. t

Jr*. ,r

'To ,ip.end inute,s .in answering one questionwould'
not be wise 'since the total time allowed is limited You ,will

ixhaie until the eo:d.of the class bout tO work or} the test.
I '
,t,

ate f 4 0 ri
.

, t

' is 0.... r _ ,

-- 00
gd- fr-;2 ,I-

why

if
'Mt

and
4

0
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On Sortie questions you will have to write ,i. your answer
3.1e on other quesions you will have to circle the col-rect,pne

of several choices. .
Read carefully the,directions for each que stion. 4IP

. 0 .
r , .

.

*X

.. .

ou may .do work right on the. pages df the test. ,,, 4

..
% .. ,

/ .. .

If you have done all the problems and still have time, you
nay reread the questions' and check,your answers again or you'
May' do4ather work that does not gistur14ther peoplit.

.,... . ;. i 0 .
If u have questions while.you are working, raise your

and.le
e

I

The fisrkii few paragraphs r ad tat the,$) re-testing time were unnecessary at
0 .

the post-testing time and the directions Weresirriply:
.. . ' .

. . 404

This test contains a number of questions ,on mathematics ,
,you have studied. Try'as.bard as possible to answer each ques- .'
tion so that 'you wilt) have a iligh 'score. When you meet a difficult
qiiestion and you don' really know the correct an'swer, youmay
guess at it. This to;will not affect your grader.. to spend many ,
minutes in answerinCone.iquestidn'would not b*. wise:. , . - :.

= .* 0
The rest he directions were the same as those at the are-test administration.qii

. . i
. .

, __--) . 44
,As- me

4

'ex

ioned,earlier, however, the original. experimental,booklets having
. ?-r 4apprOXimately fylcce as many items as' lest I were given to the students df

-

Alington Heights High School. The eame booklets were used for*the ipe
. . ... L

, .. -
,,,,

°School st'u'dents at the fil.st prb-tesst admihistratiop. 251.,special'direc'ti was
, . . .

given thy, to cross oUt.the items which weke norstipposed* to be worked'.
. 4 . .

,

Vrof the' tes no special directibmeways pecessary.
4'

..

ikgteluding the students who were absent on.any of Or 'fbur test days,;thet total

High

For ,

.

'"

numbeT of stude
is , .

. i
.

, teachers were teaching these classes., sliace two classes optoLsix were taught
-----,

Jay-the !same' teacher.
'

The avelf.ge r' egistered class size was app---riely.*

. 'I 1) 4
.

thirty.. , .' ,
1

,

d tested was .164. Thel,number ofclasses was six, and.fourt

1k.

.

s ice_

5y

j I

ur
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. 3: The Construction of a Questionnaire

-for TeaCliers

Our second task was to make a questionnaire-asking the teagfrhers who were.. . 4 . ..
, Iteaching the new texit.td, judge ,the s.uitability of the items in the two tests 'for use,

-.,

;in achievement tests in .their own classes. After trying Several forms in personal,

interviews, the questionnaire shown in Appendix B was constructed. In this
.

1 .
. questionnaire the'instructions to the teachers concerned with Test I is as shown.

. .,.The ,instruction concerned With Test II was the sarn xcept that the undenined

. `words were replaced by the w s in parentheses.
,. ..,

. . . Using the scales bei.ow, rate all of the items of the en-
1k, closed Test I. (Test 11)1, Indicate your rating for each item

by placing an 'x' in one1of the 10'boxes df the scale oarre-
sponxiing to the item. Mark the box on each scale which
indicates liow,good the item would be, in youropinion, for
inclusion in a test to be giveri at the end'of the first three
chai5ters, (Chapter 4 anti 5) of the new,UICSM text for
course one. ,i

'*.
.-Every. item except ,No. 5 and No. 6 (No. 29) hag

four sub-items. You should ignore differences between the
. sub-items of a given item and rVe-vcach,itemas- a whole.

4 1 ,

' Please, do not omit any items. 4ff,you can describe
the reasons for your rating briefly, do SO, in the space pro-

...
- videk atethe right of the crating scale:

.
i . t, 1 , ;The rating- scaleuset has ten points from zero' to nine which permitg ratings'

_ ,

4

to be diked in one column of ain IBM card. Point 0 is specified as orthless'
..

it; Point, 2 as an 'inferior' i em, Point 4 as 'good', Point 6 as `.stii,perioz-',.
"ilLe

and point 9 is specilVd as a.'p rfec t- item)) Vrom past experience, we ha d

learpedithat feacherssare- likely to avoid an unfaytrable,rating to such kind of
- I

I ,. I,
II qt tion,, and consequently the distribution of icale scores tended to likIneg-

Sb r -
,

)
, .

well skewed. In the present scale, then, the referece words. have been
. .

1

Slightly forced to the lovier)level in the range of ,the scale giyen so thatithe aver-
...t i

41' f
( l'4/rage score would locate near thelimiddle of the scale. (Actually it was 5.82.)

6

51
41 *

left
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In addition,to the ratig,scales, some questions asking about past experi-
.

e'rices concerning their, teaching and about their education were included to

provide a vapre ade
--to description of the sample. DM 0 questi-on,s about the

.
teacher's own attitude toward tee..ching UICSM matherfiatics-ancif;elerences

*. r. .

concerning a test construction were also includei so as to be helpful for,the

interpretation of ktzesult of factor analysis 'of test items. ThOe qu'estions

are only used for informal 'cOrnparison and were therefore not intended to -

so
represent an exhaustive or sx-stematic measure of attitudes. However, both of

. ,
them had been tried out by face-to-face administrations of an earlier version

of the estionnaire to teachers at Arlington Heights High School. FO1:.details

of thes questions, consult the sample of the questionnaire in _Appendix 13.
..

`":0 .

4. The Sample OftIT:eachers

The ques tionnaire together with copiesof Teets' and iI-Were mailed'tp
A

. ,

approximately two hundred teachers who were using the new, text, Course
. l'

1. These were all the:teachers in the United States who could; be located -who were
If

kusing this edition of the text. The number of questionnaires returned in time for
i, 4

. ,
4

our analysis was 105. This sample of teachers Came from seventy different

schools. scattered in nineteen states including four teachers of the Pekin Corn-*'_

Munity High School, Pekin, Illinois, whose classes were used for the testing of
4

students' bility. The geographic al distribution Of the teachelS who cooperated
. _ iin our study is sho In Table 4. For twelly;four schoolsipout of seventy, two

42

. *-a ior more teachers from each school replied to the questionnaire,' and for the rest
,

. of the schools one teacher did d'

s

I
2

i
111°.

The questionnaire was ent and collected 'January through March,,..4.t

...
.....,

. .

1965. AL the new text was published in September 1764., the questionnaire was

5
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4..

sent sufficiently'long afterwarat most teachers should have studied the first'
X t

4l,

five, chdpters of the text. In.fact, there was

class had not finished the fit-

was completed.

.
no teacher who reportesraiat his

ci

e chapters at the.time wherithequestionnaire

-
Forty -three teachers orAt o were 'women. The distribution, of the years

of experience of teaching mathem'atics' is shown in Table 5. The most expe-,.

Fur two teachers this,riencedteacher had taught mathematics forjorty years.

wa s their firstiexperience in teaching` mathematics.

The first fiNe chapters of the.neWrUIC5M text for Course 1 are closely re-

fated to the Units I. avid II' of the old version of the UICSM text eriblishediiri

sOft covers Table 6 shows the distributioi Of,the,years of experience of teach-
.

ing Units I and II, which shoqld be agood4n.dication of the preparatory 'ex=
('Mlar6IftaP-

, 1 .

perience-on the contents 4of the first five chapters of t new UICSM text. For
. . .

t. i , itc . P.
thirty-seven teacher's, this was the first e*erience of teaching with a UICSM text.

1

As seen in Table 7, twenty7tN.vo teach'er.s hicd not taken any course in which the
4.

..
I

contents of the UICSM curriculum were stu!died. Mo st teachers,.howes,er, had,
.;

Itaken one 6r.wo such courses and sc- en ha taken more than four such courses:
i

Sixty-one teachers at quired this training i4. one or rnp.re summer institutis on

the 1.JICSM curriculum.

t
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TABLE_ I .4

graphica.1 riistribution'o£ the Teachers and School$
from Which the questi9nnaaeg WereCollected

..States

California
Colorado
Hawaii .-
Illinois

Kansas,'.
.Maine Nit
Massac1tusetts
Michigan
Minnesota

Missouri
Nebraska

< Nevada
New Mej.co
Ohio

,.41S31"eas'

tah
Wisconsin

MI

. hs

I

Nupber of
Schools

P

.Number of
Teachers '4

A.
4 7

ca 10
1 4 1

,15. ' k 27
5 9

1

,

, 1

1 1

9 A'3 6
, 3 U.

, 6 7
*1 1

1 1

3

5

1

1

-Wyoming 1

e

A

f _J .

9

3
1

1

2,

105

ta

42,

a

-11
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V

TAB: E 5

p.

I
lw

Distribution of' Years of Experience
41 Teaching Mathematics r, ,

Nuvgbir of
YearS - . 0 f-z 3.-:5 6-10 '11-15

Number of 2 17
Teachdrs

Number of
Years

21 .18

-
4

1110. TABLE

43

,;

1.6-20 21-30 31-40

4 ,.
' 4 7 4 105

Distribution o,f the Years of Experience of
Teaching Units I and II of. A,

the UICS 01d-vText,

No .r
.Experience 1-2

Number of 37 36 ,

Teachers

) rTh

i

4

4

*

Sun

1.05

, ,

1
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Number of
Courses

4

Number ofI Teachers

V

1116

TABLE 7

Distribution of the Num 1:ier of Courses Taken in Which
the C>ritents of the UICSM Curriculum Were Studied

2 3 .4

22 40 20

4

O

a

5, 2

C

1

Sum

105 .

4
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CHAPTER IV

RESULT$c

1. Means and Standard Deviations of -Item Data

Means.and Standard Deviations of the Student-Scores for Each Item

Vble 8 shows the mean scores and the standard deviations of 154 students

a. for each item; 1, indicates the c litive item numbers for Tests I
. ,

and II. Columns, 2, 3 and 4 .indicate t means on pre-test, post-test and

gain scores, respectively, Columns 5, 6 and 7 indicate the standard deviations
.**-.

of pre-test, post-test, and, gain scores, respectively. Since the scIrts of'Items
j 491

5 and 6 can only have the values of 4, if correct, and 0, if incorrect, the

standard deviations of these items are relati&ly larger`than those of'other

items. fa

Tables 9, 10 and 11 show the frequency distributions of mean scores on

the 54 items for the pre-test, post-test, ana the gaj.r) scores, respectively. The

item numbers are also shown in thege tables so, as to indicate whic'h items
4:3

easy, v.hich items/were difficult,' and so on.,
.6 .1 'As ,7se:eri in Table 9, a fairly la Aitil-rrber of Students correctly answered, .

the items given before the instruction began. The rb,iode of the distribution is
4

between 1.0 and 2.0, and the average of scores ..over all the items is

which means that, on the'average, the students correctly Kswerefl af.ut 45%

of the stub -items before they studied the content. Test I was easier than Test

1.79,

II. In fact, easy items were collected for Test I because we were afraid of

discouragli student.by giving unfamiliar quegtions at the pre-test acifnin-
i

istration, the basis of the experience with the pre-test of Test I, mre,dif-,

ficult items ,
were included when Test LI was made7The average 'of mean pre-

test'scoresomer Test II was 1.64, and over Test I it was 1.96.

45
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As was expected, the distribution of the tne.an scores from the *post-.tes.r.
w,

a finis raPons is negatively skewed as, seen in lable 10. The averake of post-
g';Wit mean scores over a.11.ithe items is 2.68, indi(afing that the students cor-

.
rectly answered about` -'6.7% of the sub-items,, on the a.. ei-age, after studying. the

46

content. The average of mean post-test s ores over Test I is 2.8I, and over

1Test II it is Students also did better tor rest -I than for -Test II at tht
0. . I; ,

' post-test administratidn.

.Looking at the ga'in from pre-:test t.po-st-test in Table 47 items out of

54 have mean gains distributed within a range trom 0. to' 1.50. The, avera..gia,
a -,

of mean gains is 0.85 o,c r Test I, 0. 94 u\( r l'tst II and, 0.90 over all,the tes

items. Students gajnedinorc on the harder T,!'st II than they thd. on -Te*st I. ,

Generaliy speaking, Test II was a let.ter instrument than Test I, cpnsidering
. .

'S ,

the means of the pre-test, posy- test, 'and gain score's.
, ,..... ,,The relationships between the three kinds ofPmean sCores.aDe shovin in,.

. . .. ,.Figure 1. The diagonal lins indicate the amount.of gains l. No item is oc/ated---,- .-.;
on the .lower riofq. ht-hand side ()Li thp main diagonal, which means that there,is no

. i4
. .

Atem. with a gai9 in the 'negat,k direction as ear as the mean score is concerned. ' .

. .

Items 7 and 8 :show excessively- large gains. Item 34 is.toQ advanced to expect

',(much gain, sin0 exercises like it do not occur untililatex in the text. Items. I-1
... . , . , .0 .

and 41 arettoo easy to have much`gam-.--.Items 12, 17, 2,7, 40, and 47 have. 1. . .

IPS,
large gains and they are must deirable items; if the gain is taken as.a. criterionir

1
a /1

of a good achieivernent-test item. Assuming the null hypothesis that no gain as 4.
,

.

de in the population from "which the- sublects were drawn., the distribution of 4
--, _ i 1

,

\ vv-- - - . .
1pie mean gaih scores of an ;tem may be approximated by the t-distribution 4

en the nu r, of sOaje_cts is lakge, even though the diptribution of the gain
.oscores n item in the popu lation is not normal_-1ays,'1963, P. 308; Walker

. . r
and Leif, 1953, ,p..143).. The hypothesis of no graip in ale population cannot be

r 1

.
0

rejected at the 5% level of significance for Items 6, 9, 1'0, 13, and and
-. -.

1%49 , YO,

a

0

I
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at the 1% level for Items ZO and 41 -by the two-tailed test (Walker and Lev,
.:1953, pp:,15iff). All the re-s nsof the items have gai that are significantly

different from zero at the ru Examination of the content of items having

large or..small gains is interesting andimportant but it will. be. postponed to the
.

next%chapter.

As for the standard deaiation of gain scores for each item, it should be-

noticed that there are general tendencies such that, (1) the standarleviations

of gain scores are likely to be greater than either those of pre-test.,or of post-.
. .

te st scores, (2) items haying extremely high or low pea-ns have smaller. stand-
\

and deviations than'items having means Ater the middle of the poSsible range of

score distribution.

Means and StandardiDeviatio-ns of the "Teacher Ratings for Each Item
e
,

Table t2 show the means and standard cleciation6 of 105 teachers, ratings
-,

,tox the same items as gic.ch to the students. Item number's-in the table corre-
___

-pond to the numbers use d for, student data in "Fable 8. The possible range of

the rating scale is ..qto 9 and the middle point of the sell(' is^ 4. 5. (See the

sample questionnaire contaiI ning the -rating scales in Append_ ix' B.) As the mean
_, i

.., .
,

rati.rigs °Fier all the items ii :).82, it'in.dicates that teachers are likely to rate
, 1

...

1,items toward the fat ciiable dire( tion. The means of the ratirfgs scattered in a
-1 .

jrange frqm 4.5. to -.7- 0 as shoccQ in fable I 3. Consedering that the possible
1 -..

, - ----,- , IN

:range is Mder for teacher ratings than for stride my scores, t.i. relatie:e aria-.
.

-
I
1

,4> e 1
_ 5 A 1. .

t3ility of he rritaan alues of teacher ratings 4s sfnaller than that of the student.
t i .4> t.

.2.
scores.

, In older 'to see the mutual relationship bemeen mean valhes of teacher
..1 ...

.ratings a,ind student score,; pp4nts having tly,o iyean _values as ) coordinates are
f ,--;-

1

plotted f6r each item in rigures 2, 3,, and'f, These figures show rs*I.)ectiely
$.

e

OJ



the relpItionship of means of student re-test., post-test, and' gain scores with

teacher ratings. In any case, the-re seems to be no strong relationship between

student scores and teacher ratings. If we compute the correlation coefficients
,for these bivariate distributions of mean values, --c):13 is obtained for the pre-

O.03 for the post-test, and 0.22 for the gain scores. There is al very
. ti

slight tendency for correlations to increase,from pre-test through post-test Co

gain, but it is non-G,significant.

Examining details of Figure 4, however, the, low correlation coefficient

Nom..

must have beeAdue to a small number of'special item's such as Iteniis 7 41. 8, 17,
, 49 ti

and 18. Items 17 and 18 are rated lowest by teachers and Items 7 and 8 have

eiccessively large, gains compared with other items. Lf we take off these fbur
4

items as special cases, the correlation coefficient of mean gain score's with
.." .

mean teacher iratilig increases from 0.22 to. 0..53. There seem to be. no spe-
. .).1

, . ....,

cial
*items like these in other pre- and post-test cases. Even if we take off su

i .
. ..

items as 14, il7', and 18 in Figure 2, d r such items as 13, 14,-).8, and 34j,
' ..

in Figure 3, the correlationicOefficient Would not increase as in fhe case oft
1

1 ,

mean gain scores. It may or may'not be-recognized by the 'te4chers themselves,
1 \ .

.

. .

but it seems ,tpat teachersdo tend to evaluate test items With respect to hod! well..
.

)
.. . . .'

they measure' student improvernent through the'coutse* rather than the simple,
ability to ansrer qufstions at the pre-. and post-yraining dtagei. ,1-loWever,

-

ii .,
this is not a strong tendenq-,--/

I

1
It- should IDe borne in,rnind, in interp-eting results, ttiat there Was'no d i -

1 . , 1- ) 1. ...
xrect connection betwee.n the samples of teachers and stude.nts in these analyses. t.

' 3 t

areasample teachers represent 5. ,a ea of .the.,,, ti,,nited Stat,eS W ilethe Salim-
,

wide
1 . a.:

ple of students are from one local high school iri Illinois. The stud. nts in the
, t

1

sample Werer taught by only four teachers,, who,constitute. only a small part of
1

.. ,
. .

the total sample of teachers. Howel,er, it stiould be worthwhile looking at thill
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49,

i . ,
relationship between the mean values of these four teachers* rati,,hzs in rela-.

tionship to their students' 'performance,. The numbers iti parefithese,s in Table
#0-

we comp12 indicate theemean values of these- teaCheirs' ratings,. If ute the cor-:

relation coefficient, over 54 items, between the mean ratings of these te'acbe-rs

_ from Pekin Hig h School' and the mean_ r-atings of the entire sample, 4 -3.-=-IS i... . . © ,

obtained -. Thus, the mean ratings of Pekiri.High School teachers are positively,

but not highly, related to the ineanratings of the whole grclatpof -teachers. Itetras
.

13, 14, lr and 18 are rated low by 'both Pekin teachers and all the teachers.

Items 24 and 45 are rated high .for both'Pekin 'and Al the teachers. Items 15,
. If; i,: 4 s j ' .

i
16, 23 and 25 are rakd high, by the Pekin teach4s,. btit they arc near ihe-atver-

..' 35age fbr the total sample. Items 3D and 37 are r...tvd, high by the total .sample
'i , --- /

,, 0

but they are rated slightly lower t h.an average by the Pekin'teachers. Items 21
. .,

-.
,

, . #and 22 are rated 16w by the total sample, but they are slightly higher than aver-

age by the Pekin teachers.

his important to see ow these items a're related to student performance-.
. .

In general, the correlation coati( ients betwk en the me-arra_tfngs for the Pekin

High School teachers and their !students' performance are t.'ery low, and no
'../--t

particular relationship was found. "lhe corr;elatioxi-coeffieierits, over. 54 items,
1

1

of the mean.student pr--test, [lost- teSt and gain scores-with mean ratings of

Pekin teachers-ere, respecti). 41), 0. 04, 0: 10 and O. 07 . ,. ,

As we- have just indicate d,4 in thc 'analysis of the relationship beteen, means,

of student gain scarves and merns of total teacher iratriir§, d positive relationship1 ------- I

; -
. iwas found.when a few special

.

items were taken out. The peoili4rity of these
, i I _ f..

items still holds for the r(71,-ttOnship between the Mean student gainsitTrid the mean

ratings of Pekin High Schoo l tewache'rS. If these items 7, 8, 17, and 18, are

takein.o
. ,

,much as ,in,

ti
'orrelation goef increases frown 0.'07 to 0.23 but.not as

ase of.the totall sample of teachers However, Items 1 anc,f"

44'



?1:34

16, which are rated highby Pekin teachel;s, but ;Lot by the, total sample, had high,

Tneans for student post-test scores. ,,These -items might have been effected by

special emphases of Pekin teachers. However, the gains for these items were

not exceptionally large.

-Thus, loW correlationsi havelbee -ound in the analyses

between the total teacher, ratings and the student perf-or Pance seem not toThe
010°'due to the fact that we took bur teacher sample don'. a wide areawhile taking.*

the student sample frorn.one particular 'school. Therefor, in the following dis-
.

cession, we shall, consider only Cie rtfiationships between the ratings by the total
.. t

grous,of teachers and the .sthdent pentormance. It iS" assumed that the Pekin
, -teachers and their studentsarz good representathes of the total population

under consideration.

It seems worthwhile to look at the, standard dexiations of teacher, ratings

on iterrrs. A high standard deviation indicates that the dispersion of teachers'
.

evaluations is high and that tne itern,srimiet have some controversial point. A
,

low standard deviation, on the contrary, inclic.a.tes a high degeec of 4greement
. hit

_i

ebetweeri teacher ekaleations, Figure 5 shows ther.elation.'hip between means

..' and staAda.t-d deviations of teacher' ratings for each item. 'There is a hightneg-
. . i

ative correlation between means and standard deviations ( -0. 80), Items 24,means
1 f

35, 37 and 45 hk.e higher means and lower standard de \ i acons thanrthe other

items. It indica'tes that most teachers rate then as good kerns with a high de-

gree of agreement. Items 17, -18 and 22,>7."..the other haii'd, have lovier means

and 'higher standard deviations than the othervitems. Some teachers must have

rated them as bad items and some must have Ated thew as good ones. More1

1 )-'
,-

_ .
discussion considering the contents

#
of ,these items will be 'postponed to the next

chapter.
r

4
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,)Mea,ns. and 'Standard beviatiorii of Pre -te.st, Post-test,

4

1 , , .. . , t 4T . . .
*

.. it
r, A'

.

- 4 .i ' M-eans
VI Sta,hdard Deviations

1 Item i

,

-
-Numb Ira Pre -4's .Post-test Gain -'',Pre-tegia Post-!test 'Gain'

It
-Test

.

. *31, g, .

3-. 23' . 3.'83.--AL . 6 o -

.2.98 -3. 79 --WW' . 81
2.47 3.44 .96,- .

15 1.. 27 2r42 . 1. 14

176.. , 1.51-
. 92' ,. ; 3. 56 ' 2.. 64

, 1. 71 : 2'11*

I 8 , ..)3.2 ''''' . 3. 58 3'. 26

i.9 ',3. 21' .S. 23 0P:

Jib ; 2,11 '. ,''' 'x.16 . 05';.' .

. ..2,..
11". -.

.

54 1-#-I; 3.'99 . 45
12 '' I. 80 3.`3 . 1.59--,

13 : 17 75 1. .14,500._41

',14 #1. 03 f. 4r6 .. . 54-, :

4.' 1 . 99 ,`" 3. 27 1. 28

, 16 / , 2 e59 3:60 l'. p 4,..i.

174A.---, 1.04 /2.92 ,,1:88

Al x . 86
19 1: 12

20 _2.'06
.

21

22 56
.23 1.18
24" . 1. 94

25,

44, VMeari
over

'-TpstI

J.97 1.'1/
** 3:'13A .01* 4:

' 24, 304

2. 08. . 4(7

.16 .60

75 .82'.

1!96 41

.

1.96 2.81,
. -

.85

0
tx,-`401.0

,

. 91 4 1.. 0 4 .1.1 0

1.36 . .64' 1.40 4

1 . t8 L . 44 .1. 25. to

1. 11 ,. 65 .,,, -.d."1-23 ,

1.87 1:9 6' ... 2. 45
.1.94 , 1.9 9- . 04'150...

,. 82 48 '. \1.08.,

. 64 - ..7 3, . . 99
l'. 04 .9 5. l', 2

1.'17 1. 03 1..e53

. 70 -'... ---...11 70

1.15' ' 1.01 ' 1.45
.7.8f :;'.16 ye.. 1. 09,,

,.-70 /0 .95" ' 1. 12 '

Na. 1.04 ' it. 23'

1.10 --. 63 1.26
97 1,26 1.5

,
.97

1.16

. 1.24 ,1.4t1A,

-

. 95 .81 1.12. r s0

- 841
.

. 97 .

.

- -: . 86' '4-1, .27

1,45 0 2-%,,95 a 1.64

ii *9 Cr ..7 3 1.'07

.97 ...
. 8 5 1.19

-1.09 :9-7 .1.45,

)
!. ee 1\km-significanItly-differqnt from -ira at the 5a/10' level.

4,, . .
. . .

'' ** Ncin:significantly differeht from ze,ro.at the I% level.
' ..... . ., ... .

.,.# , :1

,
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Post-test,
tand Gain Scores for Each Item

, 41;1 '1'54)

Standard "Deviations

1'
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.. Mean L. 79- '2. 68 "-- . 90

`.`;..

*' Non: significantly. ent from zero at the 1% level.
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85 1.09
'1. ) 1.38

1. 540
*11 1.23
-1.42,
1.73. 1:66



a.

0

430

TABLE 9

Distribution -o£ Iv, can Scores 6f Pre -test Items

Meastil Frequencies

1 0 .;
I. 5-
2. 0-

_ 3.5,E

2. 5-
-3. 0,-

8,

-71,

11 5 '
...

- 117., - 4,

9-r--- 1,

6 i,
5

.
2,st.

2 . 11,

54

r

29, 3},,..34

118,

14,

12,

4,

16,

49,
41

.Ttem Niimbers
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a Intercorrelations among Test 'terns.

Intercorrelations of Student Scores among 'Test.,Items
,,,_

, .,
1" a b 1 e s I, II and III in Appendix A show the correlation coefficients of

sfudeas pre-test, post -test, and gain scores! respectively,, among the items:
. . -

Generally "peaking, the degree of corref.ations among items is relatively lovy *
.,,._ i ,

, .

in_all three cases. The correlations which are significantly'different from 4ir. .

.
zero at the 5% level axe underlined in the tables so as to make it more con-

. . ,
4 . , r r

venient to find out which items have relaUvely high cotrelations with each other.
. . IComparing the correlations in the cases of pre-test, post-tes, and gaili

, . i t ..scores, the correlations in the pre-test case are generally lower than those in..
.the post-test case, as was expected., The correlationVof gain score's, however, _ttend to be the lowest of the 'three cases:

In comparing Test I, with Test II, it is obvious that tie correlations among

Tes-t...11.11.exagi....a.te,aikely to be higher than thos-e among Test I items in the'post-
(

test case, but this tendency is not evident in the cases of pre -test and gain scores.
\ .

, ... .
., 'Intercorrelations of,-Teacher Ratings,atriong Test Items ..i

.. -
...1/4,

. .,

Table IV in Appendix A shows the correlation coefficienrS o1'teacher
IP ' \-. . ,

-,
.

ratings on the test items. In genera,, the- degree of cOrrelation among items is
4 , ,

larger than in any'of the three- cases of student c,orrellons. In this table,, the
IR,

correlations which are non-'sign efltahtly different from ze,rp at the 5%
.

level are ,

. .. ''' ,i :

underlined instead of the significantones. The coNelatiOnc-eoefficients among

. the items within Test IF tend to be higher than the coefficients' within.Test I.
- . , .

The fact that cor'relati n coefficients ditrong items within Test I 'are lower than

those within Test II indi ates that the'lfrnilarity4Of Test',II :items is 1)arger than

that of T.est,I items we i respect to the teachers' ratings. A similar relation'
. 1.. . .

e,
0

._

has bee seen for the postfest scores of student data-. Thes results uggest
-,,

41 s
.-

Ale

1o



i ,

' that the items. ofTest .II are Seen by teachers as more cloely*related to the
, ,. i,

-40.4,,,wr ., , . .

curriculum in the -text than Test I items. In fact, as seen in Table, 3, :Test II
t

items have b closerConstructed so as to be closer t-o the text than Test I items.

-*-. -_ .
, :3 Factor Analysis of.Intercorre-latiOns

-
b .

!-
, :. . .

Each Of the. four kinds ofintercorrelation.natrices shomin irj Tarbles. I, II,
..

III, and IV of Appendix A was factors analyzed by the prificipal compOhent
, .

,&i...
. . . . & .
method, with unit variance:s inserted' in the diagonals. Three factors'were ex-.

.,. , . .. $.4:0- , %

tracked from thecorrelation matrix amOng.pre-test items. Two factors were
. I -

extracted frOrn-,each of the correlation matrices among pc; st-Nke-st'items and
,_. .

.

among the gains, Finally, tile' factors were extracted, frOm the.correlation
. .

t
matrix among teacher ratings..

,

Tliese nurnbc,rs of factors correspond;to sharp
, .

bre
...?

i,
.

aks, in the porsof root size versus root nu'mbcr for the student pre-test,
Ate ,post-test and teachers rating data. he decision for the gains score was more

, ,

e(14.1..vica,l. -) -..
, 1

: Let' F1, 1%, ...F.3, and F4 be normalized latent ceetors. of R.; R2, R,,, and

R4, .respectileily, where R R2, R and R4 denote the interocirrelatiOn mat-,
rices -among.iterns for student pre-tegt,..

a
post- test, gains, and teacherher ratings, ,

° ..-

t .
respectively. Let L,?, be a diagonal matrix-cor\sisling.of the jirst.three iargest

.... ,r sr . . s . , _
latent.roots of 8 . L2,, and L2; be diagonal mltric es consited of the first , --.

.- .

. two largegt latent roots Of ant respt-cti.v_elY, and finally Le4 be a
.

"

.1.diagonal matrix consisting of the first five la:rieit"laten oots of R.-4.' If we

let A1, A2, A3 and .A4 be the principal factor coefficients for each"R,...they

' are giveriby the'eqt.tations, Al = FILi, A, = F421,2, A3 = F3L3,. and . ... .

.

v. A:1 -=/F4I.,4 'and the results are .shown in Tabsles rl4' and 1 5. 4.

As can Ibe seen rn the bottpm row of these tables, the first Taitent roots for
, - -

. ,
I. .

the teacher.ratingsrand th4'e. studerit post -test performance are the largest of all...
414.-

-the latentroots,: This implies that the first principal' factor of the teacher

(11



1.

ratings accountefor the largest part of the variance in teacher ratings and also
4

, -64

, .the first principal:factor of the student pogt-test performance accounts for the

largest t.par.of the variance of the studenkpost-,test scores
-_-

n items. tesa r '

L. ..-...

factors are less domiltarirthan these two factors. The Magnitude of the latent
fir . . .. . I

root, then, indicates the degree of the importance of the fac tor.
' 0.
The sum of the latent roots, howeyer, is small for any of the student data

. .

with respect to.the...fotal variance. The sum of the threeiargest latent roots for

the student
.
pre-test is 1.0.704° al* it accounts for, only 19.8% of the total vari-

. . ,.,..,. .
"..a nce. For-the student post-test, tne, sum of the first tV,to largest.tatent rools,

.54
4at

isi10.'619 and it accounts for 19.7% of the total variance.: -For the student
. .., .

.4.
--,

gain scores, the sum -is 5.849, 10.8% of'the4,total.variance: The remainder of. . e -...-1. . . .

..; total, variance seems to have no particular common facto'rs. It is the sum of
., 1

:.
the umquenesses for the itelv which includeurtreliability or error. These low

-

comrhunalities may result fromlthe fact pat each item correlated was'compose
. .

of no p-iore.than four sub-:items. For the teacher ratings, however, lle surn,of
.. .

.. ... .

the first fiveargest latent roots considered, as corm-non factort 33.195, and

it accounts fat-\,61. 5% of the total

, ,, . , - .

test, post-test, and from -the gain4cores, with the principal factor coefficients
-4.- ,--,= -

. . . ; F4,- and "Fof teachexA-4 ratings are given by the matrices Fi F4, F2 31 F4-- respec-
,. ..

tively.;
-

They are'showntin Table 16, where each celtof almatrix incle'des an
4.- '`.% .

eleinent Of ,F1F,s, F.'Tt4 (Si Fi-'4. The -first princiial factor of tbe teacher'"
.

= . v ',.--

.ratings,has Ahe largest similaristy with the first factor of -each of the thee Isi`ncis

vatiance of teacher, ratings:
(

The' similarities of,the principal factor cog IF icients for the items at pre- ;

of student data. The 'degree of similarity is largest for the'post-test*. (.92$1),,

4 second largest for the pre, -test (.8785) and least for e gain scores

.
Since the variance of each item is standardized, the total-variance is
identicalwiththe nurhber of items, 54.46'

.1



. .
v , ' ; .

., 4 , 6 5
. ti. . 1 ' -4It seems interesting that the second factors, for both pre-test a.nd post7.test scores

:
ha relatively large si,Mi1ag0e6 with the fifth factor for acher ratings, ..,

. , .. -
alibough these, similarities artiinot significant.- For the gai 64es, the second

' . ;1,4
4

iactor does not haVe a pai.ticu4 larly large s'imilarity with any ft. ctor for teacher )
. o

.....
41.

ratings & ",
-,v a* ' t'

.--.=-,- 4 . . ." ,. .

'' InTirder to determine the congruent-space oN,.-r. student performance and
gr

.
. 0 .- , -11

tea -odes ratings, factor mat6hings were tarried' out fot each of the three icinas of.

;., .
at,

4 a ' 'ot r .

studentscpres with the,teacher rating's, by the. method discussed in 'Chapter II..
t' N.

. .
6 t '

Gs = -(F:TF MT' En r G .=* (1'''.1.- )(F' F V and4t23 = -(41.4) (F;Filf)' are'. '
-2., i. 4 1 4 ' 02: '2, 4 2 4 0 .,

.
...

.
. .

computed,, Their late"ht roots A" :-,'.. N22, A23 and the associated unit.latent
.... ..= .s-& - ' , - ,

, . _ye IT,, .V..2 and V3 ..ane determined. G4(1) ,= (Fi'F4)'(F1F4), G4(2) = .,
;

%

I

.
. .

-
.F rFiF ) and C'4' (3) ,.=

(FA F4) (F3F4,) are also computed, and,the equivail;4 2 4 0 40.
I I

' ... .
, a . P t

lence o:f their ,posifix;e-distinct latent root's with A2,,, A2 ' andA0, found in they.

2'
140.../ .

'
I '

* . .
- $ --pre- c'edirl% coMputg.tiVs:, a:re. checked.. the unit Iltent Vec't-ors V for G4 (f),

. . 4 1.0)
1

ka It.
1

,V (2 ) ffa G4 42) ' 3.0-* V; (3i 'for .G4(3) art?: determined. Tnese,results are
.

. g

,

-, summarized ih ..able, .13; and 18. .. - -.
° .

T111111 nor'Malizediactor ,c,officients of. the matched factors fo;rstudent per-., . , . ,,k t .
t ' . . /

A ,-,. 'I. . .

. .
41 fOrmante on pre-tep.s and thd,se for teacher ratings are given by. computing

i . . -
4 N

;
P . , ;5 . . . - '1-

..., 0

B3.1=e3.V1 flc'e 13'.4(1) :FtiV4(191),., B2
:::

,E2 VI andB,42i' =' P4Vc2) also give
'4 . .

, ,-

the normalized fa'ctot coefffcients afttlig."matchecf factois for, student perfor*nce
...4" ' p, 111 .

.

in pbst-::testS- and triose for' teacher ratings*. B3 = El3V3 and B4(3) = E: ,i'V4
'0 ' . . of, 4 .

., ,ki,,,, ) , * . . 4V, .

1 gains
, . ,are for if4eri and fotr teacher ratings, respectively. Each of the matched

factor will be denc,ted.by lower7case aornan numerals , iill, ii4(a), ii4/14;

etc.' Si4bscrip`t "2,' 3,. and 11- 'denote the pre ,test, post-tat, , tadn; and-the
, '.:, .* ' '',.

' . . . /.,' .,, - , - _teat er catin,gs, re ectiely., il detiotes, for example; the first inatched fa7e.toriii,
., .. . ,,, .

g

*fo'r student,,perf'or.r.p: an on pre7teSts with teacher ranngs, and i4(1) denotes

. the fi. rst,,, m atch, e; d, fact t teac-.. her ra1 n gs, with(st u derepe xfo r rnance onple-fetts
...

.. 4.4.,--4......0'.
ri, so fOrthr They, .are.given in Tables', '9, 20 and 21.0. .a.
.,.. . N ..

e
0,..

4

*. \
fp-I z-..-sse.t7N4k. "

, " 4`

; .
1 ,

,.; t. ''. . 4/
.t, k ..) N % ... ..,..'..ir.

,

11/ ' i l4
4 d .. 4'

1--.1.--rP" 1°"''.'
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,
-. The values 1-1/ r = 13' 13 H24 -=, 13.` 1'3' arid H140) 1 4 (1)' 24 (2) 2 4(2). 34(3)

.
. .

or
/ 1 /

. .
C

. Agive the coefficients of congruence for xnatched factors of the reacher r

66

.. .with the student performance in ,ke-test, post-test and the gains iv..eslYect.
. ' \and they are shown at each bottom of Tables 1-9, 20 and 21.. The coefficients of

.,,, :, . 41r
,, 6

vrii . .
congruence Ha4,4 :H24(2), and H34(2) are identical with the square roots of

t i .

.

1r 0 .
. Ok II

t+ .

theiatetit roots A2,3:-.,for., G1', A2,-, for G22, Sand A23 ,for G333, respectively..

Iris interesting 'thile the transformation matri14.5, able ,18 is41ie
0

,.
''''

s -VOT1-. N
identity matrix which means thar the principal (actors for the s'iudent perforn-

,,

theance in.postz.tests are thernsil,,es n'i'4,ximumly congruent with e teacher ratings.
Q 0 . 0- ' ,, ,c Alo k -
'A, similar tend holds for the student pre-test case. The fritain diagorier ele-

ments

. ,

` . .,
rmentsof the transformation matrix 'V. a e'appr6;dmately one; and the off-

1. 1 \
6 NI - r

tik

di6a.gon,;3.1 elements are appoximately zero. Hence, the twisiormation matrixr . ,

.- . Ak. . .
V1 is approxirrvately the identityt rriatrix,,inithbwordt, the principal factOrs

-ir
. . : °,41, ..ek,

for the,studeht pre-test are, tkezpseles almost maximum_ ly congruent with the.
- 4"-::, , . -.teacher ratings: .T tendency is not strong for the student gains. ;Inofder to

. e'6 n
rieach the, congruent a,xes, the principal xes have to be rotate,d about +21-- andi

4 , .

tL second axis has, to be, reflected. For the transformation Matri-cest for' tea,cher

a

ratings, 4(1)' V4(2)) and V4 (3)' it should be noticed that'thee first pripcipalo .
.

factor in every case, the factor rnosclosely related tothe fir st matched

Aactors. This is true because the direction cosines of the 'axes between 1.4 and
. . , - .

..-

i4
,are greater than -.95 and dominant in each case.

.4 )0L- . .
,, ,

As seen in Tables 19 and 20, ,the first,rpatched factor for the' po'sl-test,has..,,,

. thetigheSt coeffitient o-f congruence v,ith the first matched:factor r the teacher
, :, , .

. , .

. ,

ratings *.9,11),,z,arid the first matched factor for. the pie -test has the secend'
. , - 401P IQto ...?

highes,t-c,oe,flicienew,ith the first/I-latched factor for the teacher ratings-,(..930).',
.4- ,"*.

, .
The rest -of the factors for studentp. effdrmance hake smaller-coefficients with

t
, .

:the factors'for teacher ra.tings. The firstrnatched factor for gain scores has\

3

a

f
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67
Y ,.

- ' ,
. 632 as the coefficient of congruence with the first., factor for th9 teacher ratings

4 . .

whicli would be considered significant, bait not highly so. In thrill first stage- of
,

this study, the highest LpngotAtenc. waS hypothesized for student gains wjtll teacher Y.

'"

ratings, the second for po.st-test and the lasl,for"pre-test. ?this hyp thesrist was
. , ,.; .o- . .. , ''

not Nierifiedifor student ginslithefit,eScher ratings, alth"ough the coefficient of
o

. . ,
swz .... ,)

. ciwrigruience was.higher for the-post-test than for the pre-test as was hl'pothesized.

'.71:-
. d coefficient of .coQgru r.enc. such that two factors

. ,

40 are regardea-s meaninglf1111 Congruen 't may be chosen, more or less, On an
- c, 4' . ,. i.

dido
..

arbitrary basis as in the case of setting the minim`- correlation coeffiAnt by'. ..,-- ,

It

which two van ables v.oald be regarded as highly correlated. If .t4 i taken. as

the minimum coefficient; sin such a sense, the second faLtiorS for strident scores
. .

tl,
and teacher ratings will not he regarded as Lipgruent in till the three cases. If

.50'is taken as the
.
mi-nimuni meaningful l °efficient; the second f,ac.tor''f,or the'A,"

fG ,-
".-..-'_ . T::

post -test wittp, the te.ai..her, ratings will be regarded as ine..ningfully congruent:'-

'If .40 is-taken, the secdad',I.ac tors tbr the student gains andthe teacher Atings

are regarded as cotigruenkfor all the three t rt.

g "
small fora-coeffiL lent of 1neariingfully congruent

1%+

o
'for by a coc tticic it ilpf. S 611,C is only .

lout' "this criterion seen too

factors._ The \arianc e aec,c2,tinted

.

tio
i i o

In order- tel ,see th'' relationships IA tv.ecn.inal.lied,fax tor,coeffic ients visually,
.0-

.. ,b V ,-., -,1 0,. . ..
' '. - i ', th,pairs oi th-e first nor'rnaliz«I l ongruent lac for l o ffic-tents a're ctonnec_ted with\,f : ".,4- e

a.
i linesas4hown in Figure:, ,t, A , f,B, and;6C.. In other wdrc.14 the paiir's'of rthe

. ,.. .. i'-. 4..
values of the columns i and ii in Table 19 are plotted on the vertically ,

40 LA 6,
, .

' paw,' Ilel lines, and the points tee each pair of ,..alut!s are c oniie/d as in Figure
x 41 ..

. .

- 1

, ..,6A., T same type of g'r h,owaos made for the pairs of the values of the ccaumns
.. ' . . .4,

.-
.1. i(2) and' i2 in Table '20, andfldr those of i and i. 3. in 'Fable 21,, which are? ,i'-( 0

.,
, ......

. - ' ,

given in ,Figure 6B and 6C, respec UN. ely, It' the two lactor c °Orli tents matched.'
'.. I . ,'s ,

are identical with each othir, .all the lihes connecting t1;ern cotkould be horizoftal
4 .,

Is

=
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and parallel. For the case of the post-test., which ha4 the, highest coefficient

of congruence (.941), the' lines lie inostnearly .together and hori4onta°1, and the

factor Coefficient's fOr the items areless scattered (Figure 6B). For the case
r j Ara

4;:i

. 1 ',. 0, -

of the, pre-.test 'Which has the second highest coefficient oe'cangruen4 (, 93-0),
li',., .

e ... 5
\ . , 00 .0 .

the
lirles.are. more dferging.' In particular, the actor coefficieints for the stu,-
%.,' - , 1 . , a , , ' ,,

,
;

dent performafice diverge rn.ore than those for the teacher' 'ratings.° This tendency
0. 'i , .,, .it ., 1.

is mo re evident foror theacese df the studentglins with the-tea c.her ratings In which ,-

the coefficientof cerngruence is t. 632.
. .

for the gains scatter di rely w

ratings cto not.,

(See Figure C.) The factor coefficients

he fIrctor co'effi,cients for the teacher

P,orihe mat ling of the sec Ovid fathors, the highest coefficient of congruence..,
.4, . . ,

0
4, -...

t.
, .

is seen for:the_ second faqtor Of the student post-test with thvt. teaCher' ratings ar
., . ..it is . 512. Figure 6D shoWs the factor relationships. Howe,er,- a consistent

.11. .

pattern a.s seen he cases of the, first fac" rs sefms to have disappeared in
46.

. . ,this case. Ondi bhis.asig, thesecond matched factors are then con rsideed,to be.

, -
I .. , ,-..,

, ,*-now-congruent with eilich other for all three cases ofIst#1 d' ent penkormance. In
1s' n

-the following .giscUstsion," -therefore, only the firstradtorls matched will be con-
e,.

.sideredas canclidtakes for the congruent factors: 41s.ot as a ,consequence of the
t

cllsappointing 'results for the gieins scorcs.'correctations, ncrfurthe cifinsideraction
. - - ' .

0.
iwll'_b given toth'e -fastor analysis of these gain's scores. ,

=
. f'-- .., .. ,- 1

#.

, 1 . .0, 4*. , 4( '

' Of ',. ' , ;

.
,

* The aiagrams fok the
theylfgok more rand- /i/

t

te.

. . ,

-*.*re-test and-the gain cases are not phowl here bd
than in the post-tes;,,case:' :

.

ere
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Item
Numbers

Iest-z1

1

2

4
5
6-
7
8
9

10

. 21
22
23
24
25

.g is '15

Principal, Factor
Att

14

C

s t
.Facfqr:s (A1)

4;5

.
S of i Tests

I
1

II
1

III

234 -182 zzt
392 -138 069'.

44.. '299 -312 -338
.., 310 -3-2

. I233 075 '7075
-095 - 058 .211

139- 182 0
141 263 463
143, 082 16E1'
165,.

1 0 -054 404
17 -386. 189
0 1.17 -070
05 -157 -095.
033\ -23Z Q63
34 -282
039'4 096' 4'5'5 -

1 -675 364 462

32. 291 .-213
4,1 62 116

r

322 692 0462's
343 .459 -031

(319. 480 043
3.99 4324 . -143,
142 209 130

-

P. -*Deciinal poihtsare omitted-,

416

'RosXtest
Factors (A2)

11.2

351 -331
2:4F1 -110
12.9 -270

1116'4 .\0287
-201 - 18
-057 243

210 .0413
..,308 995
f 131 -644-

060 -op

'3-139 -078,
;1434 -.298
.. 03 ,---,130-

(45 -099
., 1,06 . -094

14103. -172
s 132 -056'

j322 104.
278, ..1.0 7'
350. .11'1

165 037
29,5 017
193 -199.
368. -220

;*240' - -097"

iI
3

-#v 113

69 4.

035 .4 190
-246 -023

ti Z92
4

(11165

'6-, -043
`-065,-, 181

314 L037. .

414 -130
168 025

-133 139
-*,

-0;44 -0,--3t.
074 on'
179- -1'313
291 X235

-051 -268
-090 4,24
315 017
500 -.139

;14?3" 043
248 246.

273 , .

-326
2684- 133

J 256' 398
276 --006

. ,

a
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Item.
.Numbers'.

^ tABLI: '14 °(continued)
. ,

..f? ncilSal Facjor Coefficients p,1 Student Tests-
./

, .

I, ; ,4 ' r (-rain.
.,

, F,-.3oat-test if
1-7,actiors- (A ) . :-.F.actors (A )-

i iic!ors (A3)
. / 1 ,

,. , 2
.

11- ri
1-

Iii
1

r- : ii
2

. II.;
, 2

.

-(1

4

1're-test

tst il . 1 f ..
'14

1 477_, :108 , 08c. 12.9111
26 ., -3.51 -034 -04 -) : . 343' -000 -07/ , '.138

44-2 - -351,
-.

28 10.3 72'93. -00,7 -147 444
, 254 137n- 17 313 -1'98 1_87 -28-i. Q.

' / . "', i:
-02.1

-,

17'3
.-, ''32.S` i

'' / 30 423 --'508 -'21 . , _504-

.'1/4° ...9 -.'.12. _t

31 0(4 01 ,, '47 =, -0(.0 - ., 433 110
3) -3-) , -2.31 -145 '4;4,09 12.1 .. 341 0c,7

4 i,, 2c; - 'c,iir '3u 544 -137 .'"
.i.

lik40 -165 'e....,
434 -00-4 -04u 18% 449 -1'60 ,60 -7191

,... b . .--

(..)48- , - r",3 2..ou''.., , b07 -10 -132, -1g9.35
' 407, -14`9 1.94 ' 4'31 104 019 079

;bi Of 3 ''t PI 2341 ,t356 1305 -117 -045 ;7,232,- '
38 ,3_;2. -.3351! '122 -). io0 -026 -11.1, . 035

'-' .3(),
-1..).3 -018 -00 51'4' 3o- -089 .1.1/1#6 097

.4(1 307 -2..00 -0;59- 514 -083 . 18Q 0;(-_,-
- fa' ,

is at
,

...

'. 4.1 . -1p4 --.0t.:1, ;0=1) 12 ,=, . *11 -043 -004-,
, lt 453 -2 37 144. 5,7=, j 418 1 008 . 114

43 1 462 . -204- 134 609 b-14 . 289 13-5
-

'32.9 -01-3. .052 illik .53-0 082'44 .., 2.2.1 13.3

45 Z399 031 -2o-2. '" 550 131 151., ....:13
. ,

rko +it, - 048 -05r; ,317 '. 174 -. -000 ;' 270_,
- 47 ,-t 481: .103 -311 587 13.3

1.
.138 LIST

SA t I 4

0 48 ; 449 .236, -300 4t); . 4.39' '438 1)12 j' .

49 .307- -0;)9 , 0p7 ' 343 236 ., 033. 107
:it 2,3,p ,1, 15 ..' 258 ' 1 . 601 01,1*119 - '42.o -129 . '-

.

:-.)1 392 4'12 06. 1 363i 5 01.: ' 39.9 'c;, -070
-52 358 '415 -C42. .... 512, 3;3 -.573 . -184

t.>b
r, 245 590 Z.34 1 -4o6' ,53- 127 .''S'oi3

r
.
. 54 411 377 30 :,22.2. 550, , -, 107 -2;92

.,

. -1. -
: ,* I, ,

, .5, , `' If..,.. , .. .

1 Latent.
..

, ' I :. . :.
N Rdots

...,
60 3 . 144i 7 ,7a.00 8.041 2, '78 's . ..

... ... ,
R .

. r P'.. ..

i

,

4'

/
t

3. 23.1.6 1 9.%.
.

764

1":

"

' ,

?-
np

a ' ,.. r, ca.
''.' k ,

1 9 ;/ 1 ' r
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..- TABtl..., 1=> -. ,.
--4,-4-,,

,.. 14110.--'
... , - --P-- -; r,:1 .

Principal Factor Coefficient's of (reacher Rating's . . ---

:

: Item ' I ..

Numbers,

Tett I
.. .

1
.

2

3

44

5
6
7

8'

9
-10..

12

4 14 .
---13.

17

1;
16

* 11

t
18
1,9at

.i,.
. . --=

22. . '
25'

r

Rating Fax. tors,(r)

.
409 -36
588 ., 04:)

.s.17,, 11.6
580 . 216 ,

:704 -.259,
3;3 ... -30,1 ''.../

'7,00 *"1:71

-1?°; 100.
407 ;15 .

43' -5S7 c

, ' .

:418

-408

417

602

;3(1

-4q.
/

. b70
.___ ....32.1

. 643
137

700
281

738 1

340 7-8"

003 . 217
''.. ' 4'7+30 21 =

t *. .." ,
402 144 r,-, 0 - 298 41

-,e
C4 4

.
1.'2.,

ilF
1
4

114.,"

`
- -

'71

r

1L1 - IV
J

. . V44 i

292 -.. -0 1
7

- .3321
-076 ', -187 , -051

. -222-. 306 415
-17 428 274
-209 '047 *, p 0,05 :

248 250- 446
-331' -036 271
-31",, 425 238
-024 -26;S 216
-067 -,141 iaz
_-'t ,.

: .

_ O7p ,

-2.40

1t) , 4-114

'69'2-
.

G282

-195. .
-1,85 --

1)246
,-080

019 '-

. 7,1301; : 2090
'020 -0'41: ., :062 .

*, .5)8 :' -'-089
..

-,041
1,2,:, 080 . 21.24

-0507p "'
:i44 0' ,. ' ill,. -
121 -032- - 14024

24 - -9;43 - 7113 * .,07 . - 1168,
-.: , - ; - i21. ./ u -,108 :4 ,1.12I370 4-3

'

1.4.Dqcirrcal pOiritsVari. ornitted "

"./



-

.0F

c
Td3B1.,E .1 ((. ontidkucti)
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Principal Fadtor Ci54.fficilcifts'of Teacher Ratings44

,

,Ite cr.) .
Numbers ,

. Test II
.- .

26

6

- RatingFat-tor-4c. (A4) '

111

72 i
.

41,

V
4

6.3; 185- 0 -060 .., 0'07 -310'
; -727- uo 190' :009 4 246 -1270,

'28 ;3.0 3! 2;2 , 231 ' -094.
29 713 7.13-", :07u- 401 -228,1 44
30 7 -4:-. . -.0 6/ . 0.17 .242 A ' 4. .- 129. e,

..e. 1.
..- _

.31 : 't 3 - -080 - 374 306 ' -115
32 . 626 . 044 -121 . 123 -293

33 , 607 -011 ` -2'68 349---r . - -128 ...
34 '',., .:c_ 1 -67 6 ,,271 . MT.' ;
35 ,. .7t6 7312 -0;2 - '72 ' !:1t8, .

,
740 ° - --to. ., ,.. -129 -229 .' , -4.39,: 3b

...4._ .-37. ----i- 7;-..-3.--:- ---21--7- -- -054) ___-1_87 / _127 *-. :. .. 4 .
38 ....- -4 701 -0Q2 16:8 -090 t70

.

,

pt.

39 . 70=1,, - =144 li, 023' ., =184 -040' .

40' . 6,02 , -071' -014 -- .. -17 3 . -0(Th.., a ..,
41. -.--- -'` -722 , -147, - ;7.3 , -2, -.1, :. . --.16,0,9.

.

42 P'61 7 -108 -. -3,0,C' -218 :IV-30

43 , .162 ' -163, -10;- 09;1 . ,
44- c.'1;8 I .-........88 -0,6 -268. .05; , ..

45 -- ,. 6e,11 '' -2.11- oft -01l3 , -.1 ;13 -18-4 .
.

' I 634
. , , -..' -..i044 -107 ' -,46 --, -6-14 -24; 170 .

47 , -071' . .' '093. - 38.5 .2 - 297.

-/ 48 :-....::8- -28; ,.'.,,J3 ,..4 -24.2 %. . 292 ..
49 ;0-"--, -142 .. lol 11,53 159 . -

"; :50 ;t_,(:) -..-2.69 - l'f2 ' 198 *.. ". 122'
..1 '1 .

..

.

.
, . 1( *:* 0 1 1

.01% .072_., 51 ". ' -:'838, '' . -088 -2,6,1 :,:,..,.013
52 .. 7-98 4- \ -1:56 : -164 , 160 4., .6 .

.., -

53.' ..3' 486 , 230' r : 136Q '", '.' -036 4.439
. 54 ,* ' t 6'1 3 -047 7 ; Obi -'9.:)9: 3.41.. ,,1

% ', 0/
4

Z.,
.
a

. '

4 Latent-- :. : ,

. ..... Robts 20,...770., 4..594. . .. 3. 5611 ''. ...2. 241
. .., . ..- ,

ki . 026..

. 4. s. .,
,-,

-I
I .

$/ .. :
.16 It . : ... .

I6. 4 ; _ _-__1" .3

6 III IM :
a

.-
4. 4

4

. ".4

k

$
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Principal-Factor:EtrilariVies,between, - ..
Student Peyforrnance and 'reacher Ratirigs'

. 5' .

s,
f ---' Stude of . f .

, # '1: e

,
114

'
. III - IV

4
', -V

4. . , .
i Performance t .. .

-I.- . °,' .

yrd-.test (Fri

-.;173gi
;-;,,t,

....1423

.1554r
c

.:2359

:2089 .2093 't -0650
1. . e-

cg

r
.4'

.0801 ".0347,-";

0605
.

13 .5659 :19/1 .0208 ,

113 .2091/ -.2266,44,- .4)2?)80.

e

....0i185

-.0002 . 3900

0980 .,1.p3/9

-.0409' 1'141

-.20192 .41'35

0978 . 0447

.1180

.0328

numerajs indicate the prinCipirl factors. Arabic subscripts 4
e the kind of data from which the factors were obtained.

.:, . ,

trm

4

I

4

s

f
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-Cros,s-,prodia is

Pre-Lest over
Tea,cher Ratings

G11 (F17:4)(F1
II

1
III

1.I

I .8370 0043 :1454
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TILE 19 .
_4

.
,- .NOrrnalized Congruent-#actoz Coeffic ients for, 4.,

-'I'vacher 1atings,,and Stuelent,)15re-test Performance
,...,

. - . . ., .
:-.

1 '. . Teachi.; , , 1 .. 4Stiident-

* Ratifigs
. -- Pte' -test'

I B "ir. is vB - -- F -V c

.TesiUf.

2

6
7
8

2
10.

11 -
12

14
15

1.7

18
19 .

20 .

22
23
24
25

6

gt.

Decimal- points are -omitted:

x

.

4(1) 4 4(1)

14(1) 4(11 4(1) i1 ili 1111

a

I i

. . , .

. s.

1.28' 171 -048,
110' 241 , 037

.144 7115 . :004
1-3-5 04 -0469

"132 ', 14 -221,

126 -156 7144.
133. 008 , 081 .

068 . 190
065 134 035
148 -043'. -067
103 279 -23447
12-0 081 r34,
Q92 067 08.1
096 177 268
05 130 276

153 -022- 134
101 -032 211
036 -088' 367
033 270-

'082 -111 020
116 -670 ' 100
04.6 018 345
025 069: 346:
163 13'5 043
1-42. 115 -001

4 .

4

130 -.111 112.
142 -079 013 .

094 -1°68 -234
100 . -010 -245
095 045, -063

.-018 028 136 .-

125 1;090*- 320
116 '137 '270. .

083 Q42 090
072 -T23. -0 5'

095 -040 231
097 '% 090

.008 068' -042
011 --08e.. -.064
021 433=. 030
085 -16'4, 120
070 '04 .4.71
020 . .194 290
098 i0,`04 -118
124 '169:1 -149

14.r -654 -02.4
151_ d60 -038

270
. ,162 L8611- -41 2

, 079 10 070

1

T

t

'Coefficients 01 Congraen«.
.
be ttween,Above Factors

,,.H14*(1)
13

1 4(1) ,
Al

U14(1) iii'14(1)

.9299' .0000 .0900
iil .0000 ;4782 .0000
.1

iii..
1

.00bo .2733

0

t.
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O T.A.131_,E 194tcontinued)..

.Normalizedcongiuerit-,Factor Coefficients for
Teacher Ratings and Stddent Pre-test Perfb-rMancer

-_-0

Teacher *. Student
Ratings .Pre-test ;

Items

,

)34(1)' =
F4V4(

411) 4 (1 ) 4(1)

Test II
2:6; . 1 135 -227' -026
27 128 -190 -083
28 -13-6 -'03-7----199
29 a J17 -176 -081

.,. 30 146 -079. -048

. 31 104 -184 001
32 104 203 056
33. 096 -154 004
34 095 011 090
35 _190 -168 -034
36 179 -158, -005
17 187 -127 006
38 174 132 -001
39 .176 -046 -004
40 186 -080 038

41 / 153 -186 073-
42 163 -135 074
43 %

; 169 -021 -004
44 1.86 -032 -042
45

1
168 -149 -020-

46 175 -058 -064
47 : 185 176 027
48 ' 185 192. -119

_ 49 1 138 134 -174
50 i 139 074 -1 68

.1*
51

. 166 (,,, -051 030
52 163 032 010
53 125 256 042
54 :111111 150 197 --024

1.

Depctmalpoints are omitted.
14.

,

B
1

= F
I

V
I

iii'i 1

151
203
085

133
163

i
-4518 ..-060
-050 -093
-165 -027

073 086
-168 -:169

005 016 -1'32
089 -12'6 -112
144 -.155 ° 112,
018 -030 112
244 -24 6 , 110
203 '::088 .078
191 -200 176
156 -192 038,
188 -005 -039
129 -167 -068

Ape-

-079 -034. -017
218 -136 042.
220 -118 03b,
141 009 -0519
118 024 --1-90,
197 '029 -071
180 122 -222
167 142 -212
137' -056 z024'
135 05'9 ,137.

185 231 024
145 238 -196
099 216 213

f.
Per

189- 1'95 -004

90

6,

7,7

.4

e

4

4 .y

'

,
1



. TABLE 20 4
2,

,Normalized Conlr4ent-Fa:ctor.CoeffiCients foa,
Teacher Ratings and

Teacher Student
ltVtings Postytest

B4(2) F4 V4(2) e 13,2 Pc2112

Itcms
j 12Items4(2) "3(.2)- ..44

.

r -;

*
Student Post-test perfonance

." Teacher.
Ratings

4(2) -F
Z

y
2

-"9"i4(2) ii4(2)
Test.f

s .

2

136 136
125 '088
057 14.
077 009.,

5 1491.,
6. , -046V18'
7 1.1.5 1 65.

'8 104 067-.

9 075 122
10 062 045

-
155

'1112 122
13 08.1
14 ./ 1-068

- 1.5 . -127
146

s
17 071
la 050

20 -129

.
21
.Z2
23
24

_ 25 ,

062
142

-164
180

-2.55
243

-1.40
-154
-060

.-163

098 -106
075 .--LIZ
128 -063
135 ', 065
089 068

4

I

124 -206
086 -069
045 ::168

; -054
071 -135

-020 -151
074 030
109 d59
0:16 -028

1021 -052

049 -049
0153 2186

107 -081
157 -062,
037 -059
036 -107
046 -035
113 -065
098 1154
123 -088-

0-58 023
104' 010,
069 -124%
13Q -1'37
085 -061

ir-

Coefficients of 'Cong,rue'nce
between Above Facto,r's

H24(2) B' B24(2) 2 4(2) =. A2*
4- * ,- S,

i
. 4(2) 114(2)

i2 1.467 .0000 . Dec

iiZ -7. 5124

"Test II
'26
27

. 28
29
30

171 -135
1.-69

'136 7075 .

167 -213
4.172 _728

156 -111
3,2 .1'54 =1-95.
33 147 -150
34 122 ,108
35 192 04t
36 '186_, 049

* 37 186,-; 063,
-38 143 121

39 *- .168 064
190 020

41 172 066av
"42 176. 08T'
43 '162 132

164 172
45/ 1.78
46 16I
47 124- '2

48 . . 27'7 .

4'9 106" 073
50

.51

1.1 052

174 086'
,

52 1 5.7 w .122:/1,'
53 '083
54/ .107 222

78

(7.
Studcnt-

Post-tei,t
B

2
7 I=

2
V

2,

..
-Pk

la 1 -037
)1 68 -(M 0
'146 -219
-144 -123
178 :013

167 -038
165 . 07')
1.92 -079.
158 -Ogg
'214 -114
152 065
178 -0f3
162 -016
129 -056
181; -052

-062 213
203 - 092
2.15 - 004.
187 051'
194 ....,081`
P82,40:-198
207 984-
129 '274
1211; 147
212 074-

,

11A. '3,68;
1816, *20
076 367

*078 . '342'

1 points arc on-iijted.
, . .

:

'S.
is
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TABLE 21

Norrnalizeq Congruent- Factor Cceeffj..c.ients fo
Tea(tlier Ratings a'nd.Student Gains

Teacher- Student Teacher
Ratings Gains Ratings

13 F V3B4(3) F4 V4(3) B4(3)

4,

Stud( nt

GlB3 l-itiin-
V3

Items 14(3) 114(3) 13 ii3 Items. 14(3) 114(3)' ) 3

, Test I. Test II
1 063 -146 6-62 -1,02N 26 084 016 -095

117 1 0,1 7. -132 -037--""r`27 10.9' 056 074 -056
3 144 130 7-125 -126 28'' 116 --103 002 -228
4 `161 198 ;--074 -106 2 29 -125) 130 1635 243
5 117 -00:7 086 063 , 30. 1 56 053 1(i,3 -150
6 131 -170 '008 -118'

A .7 '148 114 154 086 31 1 08 201, 249 02.5
149 131 184 160 32 , 098 ..133 192 031

9 ...1 50 064 093 020 33 8 200 -017 103
10 132 139 -037 -107 .34 . 1 60 179 194 204

35 096 -118 7111 082
11 143 04 0 ,-014 -030 36 tpt -068 02'8 -041
12 133_, 095 045 -0.03 109 -099 -076 124
13 090 267 2_05,7 128 38 '178 -1.00 -050 7,643 I

14 129 249 . 097`- 195 39. 129 -089 108 -0.2
15 , 122 143 -088 144 40 ,146 -04 3 106 0.05 '

16 150 077 -041 -032
17 117 210 167 055 1 41 '083 028 . 02;4. -006
18 12.5 230 227 182 42 107, 022 030 -064 I

19 192 -120 073 001 1,3-1 -033: 180 -018Ei
'20 188 .-095 185 -091 44 1;14 -143 148 -030

45' 103, -065 12 7 -091
168 '-163 062 -157 :16-, 111 -163 , 0-61, -155

22 176 -097 2.47 -132 47 151 -153 e 273 -329
23 173 -,084 169 -021 48. .

143 -,276 234 -314
, 24 154 043 223 -17,7 49

25 117 .-239 141. 060 50
14,2 -151
1 37 '-099

041
191 L-161

51 147 .050 190 121
52 161 017 -255 223
53 179 -09 015" 316,

Coefficients of Congrin.nce. 54 161 -0 - 041 1 190
betiveen Above Factoits

H34(3) B384(3) A3.

4(3)

ii
3

.0000
.4381

Decimal points are omitted.
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C
CIAPTER V

DrSCUSSION

1

014
Ifiterpretati f the Results

Mean Student Performance

. Looking at the mean student performance at the pre-test-admini,strations,

82

`t,when instruction bad just started, ttie students correctly answered more of the

sub-items than we expected ,(45% of all the Sub-ike4ns): .Siiice at the post-test
r .

administration, th'e students correctly 'answered 67% oL all the sub- items, it .
. , .

t. '
does not necessarily, mean that the items prepared w.'ere too easy for the sampli.

1 ---

of, students, but it , rather means_ that the gains through the course were not great.
t

In Figure 1, any items which would appear in the upper left corner would be'

difficult at the beginning of the instruction but easy by the time instruction v. d

. A

k.:ompleted so t at they-would 's,holil-large gains. Hov.ever, there were on_Wty.o
. .

such items-, tet-p
.

s 7 and 8., Mos:t of the items in
.

. i -main diagonal which indicates no gaiir,
.4 , .The iturns which were too easy at,the beginning of ale rnstructi.4: 411,/,\ no

tests appear coser to the

room for gains after instruction. Items L, 3, 9, 1.1, 19; Lh, 36 and 41 tna,
. , .

be of this kind. 'Howe\ er, the ceiling etfeet is c tearly cwitclent, Oril'Icir It. ms
'.,..

i , .

11 ,and 4.1. Ite.ms 2, 3,/ 26 arid .36., might ha% e' had more; ::,i'ins %),ithout-tht
1

_
. .

' . . ). . ,..
. ,Ceiling, but they show: fairly good gains, c orksidering trPier items, .so the.ceiling.

i ... 4 .

effect m ay not ha\e-exc essi\,ely inhibite.d the potential gains..on these ileills . I

:spite of, haying more space for gains, Items 9 and 19 did not show' 1-n6i-h.. ' ...- 0 . ,.
. -

Other items haying -statistically ,nonTsignifit ant gains at it-IL' 5.(1,',) le el silZ , a:-._
.

herbs
/

6, 10, 1_' and 20 were correctly answered at-about. 50% for' `4ot ori
.. /

A
. .

. -,V . .
, test and post -test administrations. Item 34 was Iliffi«ilt fo-r iioth pre- in

s '
4 , . -

'') 41 . .,

1 I. 4,
r



../ , ,. .., .
post 7tesi administrations, and it had tio great gain in`spite,of ample pussibilit}.

, Thu4, the low gains in general- evidently,are not 4)ocaus'e the test items Were . ,isy

83

brit because the imprdvement by instruction was not great.

It shouldbe noticed, howeer, that many items wrh cont.( nts-were.noat

taught between the pte-and post-test a4trnini.stratio.ns were included fOr the. . ,.

experimental purpose. LOw gains, then,. darnot necessarily mean the ineffec -
I, ; .

: ., .
tiveneSs of the teachers' instruction; or training to their Students. Fie ife`ms

- ' -. , v/
out of seven whose gains are notelgigniticantly diffe4r)ht from zero are Llasst-,, . -

fied as least related to the test. ,(See Table =3.) his suggests that'the degree

of .rel?ance should 11.A.,,e, some relation with mean gain scares. Following th.

classification in Taille. the means of mean gain scotes for items were corn-_
A

puted for each group of items (See Table Z ) Themean is 1.02 for'Group

A, in which the con-tents or items are most closely related to the text. The

mean is .9,8 for Group B, which the Contents of itemsare Moderately related

, to the text. ..The two means forGroups A anil B are not-greatly different but
a

the mean is .54 for Group C, in which the. c ontents of items are least related' '
, 4

tiO the text. Thiss mean gain score is quite loin, compared with other two groups
1\

ilpf -items. The contents bf the items whi-dh,belong to the first two groups ane.

related, to some extent, to what is taught betv,eun the two administrations. Bui.

for the Most of the items- o't Group C, the contents \,C e re not taught between
. ,

the two tests. Therefore, the low mean of the gains for Group C ag-rees with
.

what we woild ex} ct from common experience.
..

9 .

Looking at the- contents of Iteins 7, 8, 12, 17, Z-i, 40 ands47, .v,hiNchNia.
, ,

t . .
,15.rgeri.gains than the others, four items out-of

-.

seven are those which reqdire,
,

`students to have some knowledge of computational rule's. The restof the items,,

12, 40, and 47, also' seem to require some drill alter learning the relevant, .. - .
.

, (, . ..
mathematical princiiples..' Items which can be answered without the effort. of

/ 4, I 4 , i

4

trt
1

1.



BEIM 2 '

thinking ab'out principles do not seem to be included,iti thiS group. other
... .-

words, these items weuld rot be answered by Simple rote .learning of mathemat-
.

icalconcepts such as " 'APii.. is an abbreviation of the Associative Principle,/
" .

84,

for.Additibn" or "The equation '42 + -3 = -3 + '2' is an instance of the Commuta-

tive Prciplefor Addition, for instance. t'
. .

Following the',...1.4.sgifiCation of Table 2ithemeans' of 'the mean ga.in g...OFes

.for each,grlup Are. t. ornputed (See Table .22). Thy mean is .72 for Group
4

V
in which the questions are asking for direct understandings ofNabid cone cobs. _

The mean is
.

09 for Group B in-which the questions are asking some compu-

tational work, and the mean is . 92 fdr Group ,C in which some applied work

using basic concepts is requ.ied, The means of the gains are the highest for
. . .', Group. B the second for croup C and the least for Grodp A. This finding also

. ., ... .o ... c ,,

supports the conclusiomthat rnorg progress Vv a b made during the, course on items
--, / 1

\

'requiring some drill-like comp4ation or application of learned principles 'thrtn,,
. .

on thos1 e requiring simple knowledge of mathematical terms or simple recog,-

nitio'n of instancesof mathernical concepts. r
.

Alto, if We compute the means of the mean gain $cores for each group cif

items, cassified by format according to Table I, the bicta.n for the multipl -.
I. . . .

choice typk. is 76, the mean for the num(' Tic al cV
ompletiontype is 1.13' and, .

'
A

that for title type requiring vvrrtten work is .,88, The higi4est gain is obtaino) .
'4

,i, r ' , ..

" for i.he group of items which can be angWered by filling with ruimerals or alge-
. . . 't

. , t .., . .1,.4

braic variables, .and he gain is obtained for the gr,ou'p oftmultiple-choice
.

,. ,
. .

type items. 'This clasgWcation is not independent, howekTr, of the content of
..le

:--"'

the items: :ks we have seen in the preceding paragraph, the' items askixig fur
.

' .1b, .;
. . )

simple basic conce.pfS hadThe lowest gainsig and more than two third& of such
.

... t
. . . ..../ .,,:.,:. . . .

items were rnirltiple-Choice type... The itern;,, asking for some Lo.rnOuilional i
..

7 . . if' .
- \

' z
work had tho highest_gailis, and ,also -more than two t rds of such .ki,nds.were

. . ,,o/

1'

,:'t

sliogolimilfi
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Mean Stlisetent Gains and Teach Ratings fo-rDifferent Types of,ftea:ns
,

ili ')
Number ' Mean - Mean

. of Student Teacher'., i
--. Answer Forms- ' , Galp.s.

.

Items efit a ting:s

A: Multiple-choice '26 . 74 4 5; 94
B: Fillingwitli Numerals or Algebr O .c Letters :17 1.13' .5 6f1 ,
.C: Written Woirk

'ii
/ 11 . 88 5.82

ReouiredAbilities
I

Ai `Understanding ok Batic Concepts ' 19 .72 . 5.80
B: Comptikational Skill, .116 .1:09 - 5.634 .C: Ability of Application of Basic Concepts I 9_ 492 6.. 00

r ' IDegree of kelitvance to the Text
464'

T.
A: 'actosei.y Related 22 1.02 .5.72
B: Moderately Related . 20 . 98 46.11
C: Least Related 12 . 54 5.39

54. . 90.Grand Means over' All the Items

4. TAB'LE 22

Standard Deviation of Means over All the Reins 54 . 63

A

t
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simply answerable by writingnu,Inerals representing the outcornes of the e.ornpu-
i. Qt

tabtion'al work. Therefore, the differences of 'the mean gain's' would be the e.on-
-5.. . . . ,

sequences of the natur.e'of the tasks rather' than of the answer forms. '
J . . .

To surdmarize the stildent'mean perjorrnances, a large 'number -of studeTts
. .

0 . tie.orrectly answered the test items before the contents wer taught. However,
,t e progress in the course was not as great as was expected. It is pattly because

some of the test.e..ontents were not taught betwe.en-the pre-,and post-test admin-
' .

istrations. The highest gain was obtained in the tasks which reqtiire some drill

or exercises on domputation,or applications of the basic principles studied it the

course.' In the tasks whicl) requite simple knowledge of mathematical terms or

recognition of mathematical concepts, the gain was lbw. For the tasks hose

contents were not taught between the pre- and post-test administrations, the gain

1') was the lowest.

Mean Teacher Ratings
I

V

The next question concerns how teachers evaluate the test items'. As can be

seen in Table 12, the items which teachers Pfke most are items 24, 35, 37 and,

41 5. Judging fiorn these items, it would Seem that teachers like items that (1)
:/

are not directly drawn from the text but whose underlying concepts, are closely

.related to it (Items Z4 and 45), (2) have a form andsctntent s,imilar to problems
'

in the text but whose instances are new (Items 35 and 37), and (3) include some

.cqmputational work in which comp,utation itself is not a main goal but only a

step to reach other mathemaecakxconcepts (Items 24, 35, -37 and 45).. In shOrt;

.teachers seem te o like .challenging problems. But this .tendency is not supported
.

by all the data.

Locking at the items rated lowest,. such as Ites 13, 14, 170 18, '21 Z->nd\ 7
m

22, it seems obvioqs that teachers tend not to like items whose contents are
i . .

......-
, .

taught'in the course, and this is quite reasonable. ,However; disregarding



. ). .
P 13.7 '.

. . I'
such obviouify inadequate items, t%eachers seem not:A° like items,that have ti le

I J.
following properties; Q.) `simple computational work (Item

,

3), (Z) straight- ('.
, - ,.

forward and:\airectly related to the text (Items 2 and 41) (3/ im proper wd,rding
.
(Item..,22*),- (4) too wordy for 'the expected outcomes ('Item *3), and (5) con-

taining i:rietamathematic:s rather than conventional mathematics (I em .1). I lic sc
t

. 7"
. tendencies also are not futly.supported by the evidence, .since*there,.are Many'.

s.-

, , : . . ...
items which are not rated low that

,
have the above'propertes /.*,*i

If we compute; the means of te mean teacher ratings for. each type of item d),

.

qas we did for student gains, the last column ofTable :22-ils obtained. ThC

41-teachers do not like the itenis,?.vhose contVnts4,,rAeaSt related or irrelevant to
1. ,es

thr text (5.39), They likt. the items whose contents are somewhat modified

from the examples in tthe text (6 11) more than questions taken derectlyid,from

tie text (5.79) The teachers-alsb seem to like ..questions,AN4hich requir some

applied work using basu concepts in the ite-xt (6. 00) and they like less those
.(r

t" ,
requiring simple computation' (5. 6'3) or flirect questions on the'basic rnathe-

% °
H

matical concepts (5.80). The teachers seem to like multiple-choicC. items
,

di, . .. . A

.

(5.94) more than simple writing or numerical talus or algebraic

(5. 64). It may be partly because a nufnidie of the l omputations which a.1- disliked-
.., .,

by teachers are included in the latter cato;ory. The difference betwekn the -
i
tmultiple-choice type (5. 94)% and the written -work type (5.82) i's not gre.

These general tentencies inferred frtpm the ratings on t1- test item would
.

1. ' r
.1be strengthened-by instigating the teachers' responses to 0-ie questions, on their

1

teaching objectives and preferences on test construction,
ti-As seen in the questionnaire (Appendix B), Item 9 in the pr91iminary part

d

c.

of the questionnaire asks the teacher s to rank several objecties according to
-40

4. t

. .

s
Tide terin;arithmetic't'alue' is used in th.c. text instead"of 'absolute value',

.
With spme ex ceptions, the general tendencies described also-hold for the
four Pekin teachers: (See Table 12.).,
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' their 1 ortance, in their opinion.' c aveLi ranksof the rnks for each objectiveI .

'

88

are gi_ven n 23: A ranking for he c citare sample wasobtained by ordering
. .

tne-av age anks over/ all teachers. he teachers thiiic that such abilities as
4c-

4"' a
under'standing athematical concepts, d scouring mathematical relationships,

and deduttive rea oning-are more import nt than skill-in numerical computation

and remembering rhathen-.atical, principles. Theose findings are consonant with

the earlier fin'aing that the teachers tendiou'vaidaternore highly mathematically-A'

sound items than those simply ,requiring ranerical_Work or rote memory of

trriathematic.a/ conce,pts. The teachers rank last the ability to -apply mate
-

matical
-, -

skills to real i.rfs,p,.,roblums This must be the final goal of` the mathematics
.

4
6 . / 1.\ .education, but t mostAteachdrs seem to thirtk it a ote froni everyday

.

,teaching.. Kendall's coe ficient f concordance 4Kendall, 1955) may be,,ia. good-
. - - '..A--;

1
1

.

,index to show .how the teach s rankings resemble each other, and a value of
t , . i 1N -=-, ..5.2 iv obtained which ,vpeh.rs to be a fairly high degree of contoOdance.

Table 24 shows the mean val-ues and the standard deiations 9f the tea( hers' .

p referenceg'on test construci,o n based on Item 10 of the q\iestionnaire-. the-t
I.

task gi\ en was tO mark the papportion 91 items according to thc koy worjis

*shown in the tabh.. It the meal) proportion is It ss than 50.0, it means that the

tc d( her-, pr( ie r (.1iard(_teri zed b. th( right-hand word to those characterized

`sby the left-hand word. Ii the mean .N.alue is gre.ite r thdn 50.0, the relation is

the rev(Ise. This table shoLild then describe the teachers' ideas or expectiions

concerning test constrution. The teachers pr_efer.relatively-difficult i-ten's to

relatiely easy ones. They. prefer the, niktltipIe-choir e4t,.yze-to thd c-dh-rfiyetion
- .

type. They like non-N,erbal ?terns and items with few words better.than items
2 . ..\ -

with many words. They like quick response straightforward, and familiar

questions better than time-consuming, tricky, and ttladr'nilid.r questions_ They

e
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TOtal
Sample Average
Ranking Ranks

is e

TABLE 2 i '
,

Ra.nks of biliries Stressed by the
. .

"" 1.57
2 X59

5.05
.`,5.'08

5. 27
5. 62
6.78,

'*
2

3 .
4
5
6 .

7
8

UICSIvI leachers

. Abilities
't

4.Understanding mathematic, al concepts .
Discovel-ing -mathematical relationshlipst t'
Deductive reasoning ,(.. -

i Skill irt srnb.olk manipulation
Gene from concrete.objects t6 abstract
SL ef.ist`dumpricalcotriputation . .
Rernembeudng ,mathematical principles . i
Applying mathematic al skills to real rife problems

. ; ,

, .

89

fte

T.ABLE\24

The Preferred Proportions of Items..of Differeht Kinds to be Included,
tin a Test for Gr4.,ding

Left
Key

Words

relatively easy
multi plc-Amc e

verbal
many words,

time-consuming
straightforward'

farhiti'at-
basic

concrete
computational

'reasoning
. inductive

teacher constructed

p

,. Means
of ,

Percentages

IStandard
Deviations

of; Percentages

'Right
Key

Words

.66.0

48. 1
-5-.1.1
43.8
40.9
-12. 5
6,6. -91,

60. 5
58. 0
51..8
60. 4
49.
50.

16,;1

19.5
23.2
21. 6
25.8
22.0
16.4'
17.7
16e
18.4
15.4
23.6

J

relatively- diffic,ult
cofhpletioil

`non, verbal
few words
cjarck response
tricky .

"°.unfamiliar

,.distract
conceptua'
recall
deductive
UlCSM project constructed

od

1".

ti

4
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71

4
i .... ,

l r i ,.
. (it

1. 'N'
. :.. r

r
I -

-, like bagie, tune rete, o iptitational,,,,reani.ng and dedut tie.c type..quegtio'N's.. t
'. 1 . .

.. t. :k ' .._. .4 :
rJ better than applied,,abstpa70, tote.c.Ittial,F-it..c,471 dnd inductive typ(t_ questions: , g.

7 ' --. , . ', 's

, 44 `. ' .
Finally, they want toincliide teactitir-rrtasek rtenit an'd U0SM- made items 1

, -. -. \ , .-. r 0 .
, _ , 2 r ., e f A

a halfvnd-hall ratio. Of ccrues6,,the.degree of;neference 1 b different for
. . f .

.
, - . s' .-'...-. a a ----.. . r- , ,

oach question, and 'it may be 'oted/b'cr Thotrikv.r.a:t on 'of tile mean alue
. :?

50, Os,
-..

A

Of courSe, the mean, vale itself does not tell whether the preferences of the
4

'teachers aresmillai or die erse, but the standard d'eeiatio,n, of yAe teachers'.
4preferences would yrdicate this fact.

In motcases, the teacheri preferenves a'gree with (or at least do not
1 .14 4contradictYthe findings from the. tQaehars ratings on the .inch5.idua1 test items,

.
althotigh some caution is necessary. It 'W oiild LA.' understandable that theY/like

..
sreasdning, deductive, andfamiliar items betkillthan'iecall, inductive,* and

unfamiliar items,'<it the fact that they like liable , computational, and ne41- -
Se

r4.... .. ,

verbal items better th'0.n applied, conceptual, and eerbal items(appears con..
4 I .... .

tradictory to what-we have reported in'the earlier part of the study. The ,teachgrs
,

respond to the questions here by comparing theg,ie en bipolar 'words, and thcir

responses are a function of the gie;en words. Fohr example, the '.basic vs. appli' d'
. . , *.

of which the teat hers are thinking here ri,nist be/ifferent from' the 'basic' iten,1
s, ,

and the 'applied' 'items that we have clasified LIT he earlier study.. In the's former

case, teachers must have. interpreted 'basic' as n ,ahing a soinid.understanding;

and a precrequisite 'fbr applietl work, Ira the latt,ei ease, hQevever,by 'basic'
4 ,awas meant questions taken directly from the text, and `applied' meant n ability

to work new tapes, which is the test of -a sound undetstanding of the underlying:. .

, concepts. A similar argument may holm fpr therriestion 'straightforward' es-.. -" 4.

.. , ..

A.. t
. .

'''''// T he 1..J 3/4,C SM authors emphasize both deductive and_ibductive reasoning.
/

f
A
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a.

p r-- .
t r [CAC y.: .. Howe c r, 'comparing theftimulus words on .144 sales, most of the

' . .` ' ; -
. teachers' rresponses,seern understandable.\

,' ' - ,,,/. . ,. . st .. ,o , . .

1 b.

Yr

4

91

The .next problem is.fo see' the relationship btlwt.,(en mean teacher rati4gs
. .;,.. . .. . ,. riT +alid meanstudent.per.formaiiices"for eachlite-m. Bef.ote investigating 'xi'elation- . f

. . ' a it ..

. . , .

s.b ips'bt\.tween two kinds,,, of responses from different 4tbjeCi gr'ocifis, Oc(e 5 hbuld
.

: ,-

hear in mind,t-iat one.assumptionwa's invcilvet. The samples* of teachers were
1.m 70 dife-rent'sch-ools-i-n-1-9s--tate-s, represc--ati 4 a Vri de area in the.--U-rli-tPri

. A IQ . . - ,. -

States, On to C other "hand, the -sample of the studeRts consisted
4! ,.

taugltby-{bqrteachers, from cne local high ch,00l in Irlinoi.s.

talking' about teacher-student relationships in r te,rms of tesportses onlies't

we Ire-interested in only the cotzrrmon tendencies that appeared in.both teacherr.
. end student groups. W,e.ar&-inleresteci,in v,-he.ther most students have ov have

..,

not commonly'shown gains;- for instarice on items which'rpoSt teacherS c0,0A-
. a ... - ,

-.. i, ,
, .

.,

.0

monly emphasize. '1/1,The Rio nOt,assdnie that any 15aetilialar e lnphases differnt from
4

,other classes were made in these sample classes. ° Of cour if the teachers
.. 74' , .who are teaching 'the class-es which are uscdfor thi'..i, study ave,excessivelv

. 1
,;,,,,,

t, is . '
'

.
..,

different objectives and different iway of teaching-from other teachers, the
. N . .

4) -. teacher-student relationships which we are going ti3.c*Nc- us s. here would. Otiose, :r -. . . ",

A . N '. , .
,.) ,

. . s.

it.s.iralidity. 1-lov,ever, since thee is no ir,:a son to believe that theseOPteachers
k

9

. ,

) 1 -
. . ' , .4had biased objectives from othe.rs, Chose teachers were,-assumed to be typical

'' 41''teachers in he United States. The year .of teaching e.werience Of mathe,rncatic
A . , nk . . P.. 1 ii, '4 -

for these teachers are fbur; 4,4e, twelve, siNfeen ye,4.r:s,and the years of teacb-- 0 es',
*0 .

..*,

,ing*Units I and If pf UICSM old texts an one, two; seven, and eight years, ,44-7`
.

respectively. They took three, two, three, and two courses; respectively,

in which-the contexts of urcsm curriculum Nk C re.;studied. Ideally when A,,'e
lo

talk about the rLaticfrisiiip between teacher -Held objeclives,and student' per
. ,

formaarice, the student performanCe should refer-to the performance in the class
.1!N -

I

low

...N.

4

A

.e
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.
. , ..s Itaught by the teacher u,nder consideration.. We shouldRnd.the relationships.

. , ' I i , . .

. betvveerithe-teacher-held'objective.s and his stud, rit per,formance. However its
i S. ) . .
-., would require a much4onger and larger-scale reseal-cl; for this purpose.

) ' . . -....__ 4 . . . . ..
t, . .

, Now; a's seen in Figures 12. and %i,' no particular tendencies are found be-.. _

4

twe?en mean teat ier ra.tigs and meansttident perforrnances in the pre- and the .. . ,

77 , -post-test But a 'r-noae important
; quetion is to ask if the stu.dents.deNielop.

."their ability along-the line that the teachers'think important.
.' 4, ...

To some.,-extei-rt, 'the answer is yes, but not colnp1,etely so. As we have
. . ' ,

..
.,

,, .
,

. seen in the first section of this chapte,r, the student's progressed -More an appli:ed
. .

, .work.than in basic. conceptual work, and the teacher s also thought. the fo.rmer
..., .would be better thath the latter in the ratingsfor..items. The' students gliowed"

. , .. . .

more progress for,the modified questiOns _than for _questions that were the same
.. ,. . .

4s in the 'text. The teachers also liked' odifi ed questitns better than direct
...

,. ,
,ones. The correlation i,f the mea'n,student gain scores with the teacher rati'ngs

),

ove ems was . 53 if a fev. exceptional items were taken out (Figure 4). This

is not astrprig relationship but there is a positive tenddncybetween, the teachers'

objectives and the students progress.

There is also a discrepancy between them. The ,leachers think that simple
.

' .complitational work is itot so important compared with other aspects, as far as

the items presented are concerned, but the students showed the gr eatest progress
:

4

in this kind.ofWork. Since t11e....x_ornputational work requires some 'knowledge of
...-

. -t. , ..
`OprAt-i-oi;tx,tles and drill, the progress due to instruction would be most eec

tive. ',Without knowledge of the rules an'a,drill we could not expect the student to
. .t.

i., 1

progress in mathematics, 'and this effect seemsmost evident i,n such a task as
.

/ 1 o
.computation. The teachers -replied toItem 10 of the,questionnaire, indicating .

. that they would include computational items more than 50% 'in\ their test, on the
3.

averWge. T.he teachers must
*.
recognize, in general, the Importance of such drills

1 '
as a basis for developing the'students' ability in mathematics,

*
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\
.

To 'summarize the teacher pgs of the items, 'the te.achers emphasize,
. .

,
'in general,. the ability of basic and concepttlal undirstantling -mathematicst
sand its application rather than the ro. k memory or mechanical Ap2hL. cati,on of, , .

mathematical rules. They like _questions modified from the examples of the
- ' ' . < '' ".. .

k, N.

text, but the questions. should be based in the principles taught -.They wild;,
l& ,

"""",

exclude the questions whose solutions are based lon principlq,s not taught. Tfiis
a ...,, ,. , , , ,

$ 4

is reasonable, and in fact the students showed little progress in such, questions.

,The teachers' objectives inferred1from the mean ratings for the 'items are, in

many cases, understandable in the right of th'cir responses -to the quest onnaires.

asking for .their general teaching objectives and attitudes toward test conStruc-
_

tion, although.some ca:utionis necossafy.) There is no particular relations

between the teacher ratings and the student performances on 'the pre- -and'tlr

post-test, but there 'are posi.tipve but not strong tendenCies between the mean.

ratings and the mean gain scores. The student progress tends to be.large in

the items which the teachers ,think important, although there are some excep-
.

*

. tions,_,as seen iniJae computational type items.
*

Principal Factors for Student Perfbrmance

,

As mentioned in the previous chapter, we have obtained three factors from

the intercorrelations among items for student pre-test scores an d'also two
s.

ators from the student post-test scores. For the gain score the factor analysis

results were more ambiguous than for the pre-test scores and post-tescscores,
,

the first two principal factors accounted for only 110. 8% of the score variances.

Also, since the factor analysis of .the student gains failed to yield interesting

results, it Will 44ot be discussed. -

The principal axes could be rotat1d by §onle criterion like the varimax

, (Harman, 19,60). However, the interpretation of the factor will be donewithout

rotation, since the principt.1 axes themselves, particularly-the first p ncipal
.

i t
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i

e
o . e ,

. axis, have several significant characteristics as will be,seen later. Varirriax.,

1? -. . . . ... .
o , rotations were tried-and did not lead marked inl vernents in the intgrpret

...
A %..

.

i * .
3

_Ability of the factor space. .

For the pre -test cas-e the first facotoy refers to the - ability which students
, ,already h.d whe instruction of the text started. For the pbst-test case, the

., .
first factor implies the s tuden ;s' general ability on the, given tests whose con-

' .

tents have been taught.

Judging from the contents of the items, ,the first principal factor for the

.pre -test seems to be related to a verbal numerical dimension. Theomajority.
.

441\'`of items with low coefficients 'are numerical 'br vrriputational typOproblems
4

such as Items 13, 14, 17, 31t ancl 34. On the other hand, items witty high

94

coefficients on ttis.factor seem to be related to the verbt.1 description of
o4

,mathematical'problems or they are related to the ability of mathematical form-

a ulation fr,om verbal-staterrents% as seen in It6rns 24-, 30, 42, 43, 46, 47, 48

and 54. ; An'other important characteristic is that the items with an illustrative_

example (which suggests, Snot how to write answers, fiat how to think) are likely

to have high coefficient -. -For example; Items 22, 27, 30, '39, 42, 47 and

48.
e*+,'The implication of the e ,findings important. A.'S the first principal axis

4 .ta

is generally close to the first centroid axis,tkie first principal factor coefficients
. - ,indicate the degree of the relationship of eachftem with the mean of all the '

Y `-

items. Suppose that these items are used for an aptitude test and the.mean of

the item scores over all-the items is used for a meaisure of the student aptitude.

Th'e first principal, factor coefficients indicate the degrele of contribution of each

item.' to the aptitude defined above. The itein'stWith low coefficients do not sere

as good aptitude test items. Frotri what we have found. in the, preceding para-
. .

graphs, w,e,./may conclude that the computational type 'items are not goOd for
.7- - , p. zit ,

4aptitu-de test items in thi,s sense. Since computation requires some knowledge
.1

of rule for operation and some practice, it may not be an aptitude: On the
s 4 s

4
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in mathematical form may be good indication of the possibility of reaching a

0

.

95
V

other hand, the ability tR formulate mathematical oncepts described verbally

high level of achievement in later learning. When.some mathematical illtistra-
.

tipns ate.presented, the ability to catch.the mathematical essence froih.the
-

illustrations. and the ability to apply it to the gi% Ln problems is also an aptitude
1

for getting a high level ofachievement in Mathematics. Thus,.the first principal
,.

factor coeffiCients of items for the pre-test seems to suggest which items are

.good one:s for inclusion in an aptitude test.
.

The. second principal factor for stid.dent pre-te'st seems to be a time-related

effect, Items with high coefficients-are located near the end of both Tests I and
,

II (Items 22, 23, 24, 5, 51; 52, 531 and 54). Otherwise, items appear to"'

need a lot of time to answer perhaps making.ttudents hesitate to do thernfirst.. .
Sv' , , ..-..

(Items 8, 18, 47 and 48). On, the other hand, items with high negative coef-

ficients are.likely to- be multiple-choice type which can be responded to quickly,

Or at least, tl4e items lbok easy and most students are likely \to attempt to

do them first. Items 3, 12; 15, 16, 28, 35, 37, 38, 40, 42 and 43 are

exarpples,

The third principal factor for the student pre-test is hard to interpret.

Items with high coe fficients are Items, 7, 8, 11, 17, '18, 37 and 53. They

vare.problems involving multiplication, division, and the laws of operation

such as the commutative,laws,, the associative law's, etc. Items with high
i . ,'

negatively coe fficients axe Ierns,i3, 4, Ilf5, .47. and.48. They are i;rioblems in,_
1

II

addition, mathematicakformulation in using quantifiers, and finding the num-

. berg o,,roots of equations. Since there isno consistent pater, we would like
.

to leave this factor unidentified.

For the post -test, .the first principal factor seems to' be closely related o
. .

the objectives of the given UICSM text. The items which have high ,coefficients
.

on this factor Seem td accord with what the text emphasizes in. the given chapters.
f

0
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Items 29, 30, 33, .35, 37, 40, 42, "43.. 44,, 45, 46, 47 'and 50:a:re the ex'-

amples. On the othr hand, item's With low coefficients, such aS 9, '16, .1.5,
t

;
16, .17 and 21, are less emphasized in the givn.chapteys. This is an important

s , .

requirement for the achievement test, and the firSt principal factor coefficients
.

seem to indicate which items are go od ones for the achievement te'st The be-
,.. . .

haviors of 'teens 6 and 41 are unique 'for. both pre- and perst-test data. Item 6. ,

,
. ,

. .. ,

is a challenging type of problem and it does not follow the ge'ne.,41 paltern'in
A.. , ' . ' ', I ..

tn'a.ny other cases. However, the lbw coefficient of item 41 is difficult't© under- ,,--
.

r.

stand: . -... .

The interpretation of the second rinc'',ipal factor: for the student post-te'st

-,...., , is, not easy. Items with high coefficientS, are Items 41, 48, 51,, .52, '53r an 54,.i
i

4,

ts,

and iternS,with high negative coefficients are 1, 3, 12, 19, and 28. Althovigh
.

no consistent Patterns exist among them, Items`l and '28 are rather inductive
. .

and straightforward type problems,. while Items. 51, '52, 53,anti 54, appear to,
( k

be logical reasoning and deductive2'ty:pe problems.' Looking at inductive-f,y4pe
t

problenis such as Items' 15,/ 25 ,arid 39,E they all have negative coefficients.,. .. .
. . - , . .

. ., .

,However,4s ihereare many deductive type. items with negative ceeficients
*

,

this "inductie-ileductive' interpretatiorris not reliable.
r

II, The analysis of student.gain scored was not considered in this,iiiscussion due
.

.

.'to the lack of interesting results. I
1 f t; 1

0 , f
'The.'secOnd faCtors are difficurt to interpret for the Student'data, and this

, .-
. , , .

,

is not impove&by rotation of axes. -the reason for the difficulty of interpre-
1 , . 4

- tastion'of the second factO40_ is. dire to the fait that they are almost indi'sttnguish-
01 #

.. . I 1 ,-..0 -..r.1 / t 1 '. '

ablt from random factors. The flactors w,hicii we could use with some reliability
. . i .

.

.
,

... are only the first ones. In fact, only -ale first factors'ate w. congruent ith .the
t

4 r
egle factors for teacher' ratings; when they are matched with-teacher factors.

.
.. .

, - 01
, .

, .

In*summary;. the .tirst prinii.w.-1 fat tor .from student pre-test data is'inter-
,

. 4

-preted as a general aptitude faQtar i;n -which items requiing an abi ty to grasp
- .

q
. j

-. mathematical Concepts froni,verbal viactemefit have hfkh coefficients fand items
.

` *

1 '
it
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Nrequiying some knowledge of mathematical rules'and practice, have low chef-. 9 '
." . ,. 1 A

1 Ificients ok .this facto , The second.ptincipal factor from student pre- tests' is
,' , 1 1 4 ..4. interpreted as a time f4ctor.in 'which time-consuming items or items located

' ibb .0'.'
. .

, '
hear the -e d oi the te-sts Tkave ,Iligh, positive coefficients, and $.iterns.quickly,=,.., .

responded to hate high negative coefficients; °The ird'Prin'cdpal factor for
. .

r , ft, :' .. .
9 ° .student' pre-test ir.hard 10 interpretani it ii left un identilied, r-, .

. e-,- ,
. ...... . rt. r ''4 r st)T.For the student post-test,' the r ri c factor is inte'rwete as a gener-..

4
;

) 4 4 ' ,

al achievement factor, in which items istres sed in the -text have high coe'ff.fcisiits ', '
. . - ,. ...7- . 4 .

on ,this factor. litemstwiaichAre not. fr,eated in the cha-pters under corisiderattion .

..,, 41.-, ,.. , I ,N
I 4 , S .

. i.

teAd .t o h av e low coefficients oh this fa6tor: ,the sec, ond pr4ci pa l f.., ac tor is
... A, .

,41 ., /..., r-.
,icteir pre, ted a,s, .a deductivc- induct

v

f fact..V' 6.4t it isoot a, cle-tt,terprediion. . - ,

. '.
, .,; . '..":i .. 9 ' -' 4 e ..' .

I rVA . i 4`...: 4.4 ffi ... ,
4 , 1 ' '. .

P/ ' i ` . .

:Principal Factors for Teaches R'ating:s , = Y,,.

-..,
. , ,,, ,--, -,A i..., .,,..,

, ,
\,:, . r t,4 '

Av Fire factor's we te extracted, t.fit.teacl:Cet raii..r;gs by.:thpz-intip'04;c6m- ,,
'., .. . 1 - -,,',... . . ...,.

, ponerit method. The fitst princ iP: tl- f. aUkrtokr i s' re lat e. d. tct t14e teachers' individualil° .r . ,OP, , , ... ..... .., 4 .:,.pt'ies ;
di fferenes on14aeir:?atings taken a . av Pole - \p the lirki,prindIpa asci S. i.;. $ ., . - --, . ....,

. , ... .,% . . ,.. . .../ t
expected toobe c foge to the fiss't-ce,citold 4%is tv h tepr.,snts-the: mean 014," r

., 1 op 0 t ..-' . ) 0 '
a .

: ''
0 A, . , :.4 " .

.., A-le the eitandard.ratings. Of...all th<- iteen,s, tic fir'st-pri G 1 pall fa.ctor, .ig laighly".relaied
4 . ., =''' . ..\' ., ' , 1

.."' .., ; ' - , ,,:,.. 1 .', ,. ,
. to the general telidency"of e.Achtea.c'her',S-eatingi,, ...1,1tenefuie, ittrnay.b4 inter..,'

-1 } . . f i., , ; Z V 4. . . : 6,

:".0:,
CO.,

'. 0t ^ a
.

preted as refleCting the teacher-s ge'nergl rsporiseset.W all the items.* ,
, ,

Items with high coefficients ,,(gr ea .ter"..thafi e 70) ,ott fhrs cagter-are 5, 1'l, ,24,
.

29; 30,1 31, 35, 3'6, '37 39, 40, '5-1 'krld ,52,, Mosi hien/
J .

. .

are items In Test 11.' These it -ems (eSpeciatly thst i.,ii Te.st, II) ate'rnostly .

1 - . " . .. . ,,.. ' t
f

: .
%

. '. I

conceptual) type items. IteM,s yvhiuh aiv irrelevant 't.o"`the text are likel tO 'have ,. . , , - .

,.
..low coefficients on this factor. Some 'aspcc-ts of they 'rerr;nce of itOn'is tb the '

.
, . .

le." ,

. -14ifactors.
text ,re then confounded with the Second and Vle third pri,rfcpal which' - e

6 e
4.

, . .11
, S

will be de,scribe&ln the next 'parag ie 4 s

: ''; ap , , seem..8.81"h the second and the4hird pri cipal factors seem to be related to t'he.
. .

.
relevance of items to the text, but the two factorsare °different in som,e char-

% MI

J
t

7 .77
44" /'
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acteristic,s, Items with coefficie is on the 'second factor are.:9, .10, 1.3, ...
;.' -', . ,

, ' .
P 1

14, 17..
,

they aand18 "and there;computatiorial type:Pfbblerris on 'which the teaching,
, ..

, . : ' . , ..,

is delayed to l'a.ter chapters, .i3ut the queNstionstliemselltes a:re.qtaite 'straight-. ..
. t '

forward. Itemfwith highc..oeffic'ients on th'e' third factor are 19, 20,' 21, 22:,

. ,. ,,.

--.. ... .. I.

243 and 25 whose coneenls are about inequalities, absolute values and symbolic'
-.. e

, i
m a ni p u 1 a ti o n s . The contents of these items is taughtenly

e

later or taught in a,
. .- t .

different way from what the items require. For example,. the term "absolute
/ - 1 0, .

,

:.

value" in Item 22 is not Used' in the text; instead, the term "arithmetic value'

items 21 (d. 25 are application'problems of abstract symbols and the
40

-
same An d of questio is not 'practiced in the text.

Another important characteristics of the. second, factor is 'that this factor is
1

related to tonvEntional mathematics problems Vs. .new mathematics.problems.
. .

Looking at item` with high negative coefficients such as Items 1, 5, 6, 25, 28,

, .35, 362 44, '46, 48, 49 and 50, they are dealing with new fnathematic prob-,----/ fi - . . ., 1 ..,lems such as metamathematics, symbolic operationse generalization, iopen
. .., . .

, -
sentences, the principles of real numbers,. quantifiers and so on, On the other

.
,. , . , .

...., . . - .

hand, items with high pos ve coefficients Are rather trakditional skill-oriented

problems. 'Ihis characteristic is important but it overlps.with,relev.ance to'

the text. . ,
0 /

. . . ..'..Therft irtli principal factor seems to refer to an algebraic factor. Item's with
f -

t high coefficifnt On this factor p,re:.likely to treat .algebraic manipulatiOri in-

cludi.Ag algebraic variables,' a, b, x, y, etc. Items 3, 4," 27, 28, 29,* 3'0,
,

31, 33 and 3'14, are the exarkiples. On the other hand, .items with high negative,

,' ... ,.. , .

,coefficients are' likely to be M
,

ore conceptua71 as seen in Items 35, 36, 37, '41,
. -, . ., . .. . . .

42, 4:4, 46, 47, and.48: They do not regi.iirr-actual algebraic operations.
...- - 4- .,,. .

The fifthprincipal factor is hl ard to interpge,t. Items with'high positi'

coefficints are 3, -4, 6, 7, 8, 9, 47, '48, 53 and 54 while iterris with
.

c.
I

't.
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I .... . ,
.:.,

.

. , ,
. high negative coefficients a're 1. 15; 16, 26,-. 27, 29 and 32. Comparing.

..
4..

.. -the contents of both groups clf items, ho systematic pattern,is found. Renee,
. . ..) (. -

we had'better- leave this factor unidentifiyd,* t
.

.:, ...
?

< I

. -

Congruent Factors between Student Performance and Teacher Ratings

The next problerri is tornatchAe teacher factors/tvith the student factors:

99 .

As have 'seen irhe e erehapter, only one composite factor from student

darta is'congruent with one composite 'factor from teacher data. -Comparing two
f

.., .. w,
factor coefficientsmatched for:§tudeent pre -test, and teacher ratings, items with

high coefficients for both student and teacher data are Ite.ms 35, 36, 37, 38,
`1,

3,9, 42, 43, 44, 46,'. 47, 48, 51, 52 and 54 P;:= All are iternsiin Te'st II, and
. .

...generally they are all closely related to:the content§ of the text. Items which
,

. ;,
have low coefficients for both teacher and student data are Items 3, 6, 9, 10,

..,.

4.2 '13 14 15 1 6 17 18 31 32 and 34. Most of them arecomiutaticinal-, , 14, , 16, , , , __,. ,,.' , .
: ., -

type problems, and they reqdire that students have some knowledge of 'rules for,

operation and practice. Items with great discrepancies between the two factors

-are Items 6 and 41. Both have high coefficients for teacher ratings and low
.-

-,coefficients for. student pre -tests.' Item 6 is a somewiiat peculiar item, and

. its behavior is hard to wider:stand. ^,So is Item '41. Generalry speaking,
.

conceptUal items and items closely,

ficients:Sonl;th teacher and student new factors.
t. . . - ., - . .

-- ,require students to have some knOwledge and practice tend to have low coeffi-
t ftir. 4.

A. .

',,cients,on both.teacher and student factors. Thus, this conceptual vS\. -

tend-ter have high coef-

C.omputational type it Vas which

If the,factors Were rotated-;:--the-interpretation m_ ight-have been easier. How-
ever, rotation by' the varimax criterion dicrnot significantly increase the ease
of the interpretations. The whole syStern qf factor interpretation. by the vari-
max method was much the same as1 that,by the principal axes method.

** For easier comparison,, the faCcorl coefficients (see Table, 19) are.normalized
over all the items. ° c' it

. 4
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computational factor is a. congruent factor for teacher ratings tnd.student per-

f r ance at the pfe-:test stage. The coefficient of_gongruence isA-930.'--
As for a congruent space over teacher ratings and student post-tet data; it

should be-notiCed that the student congruent fActor is the same as the first prin-

cipal factor'.. As 'Seen in Table 18, the transformation matrix- V2 is the identity

Matrix and the result is not -changed by the transformation from the first prin-.

cipal axis for yostrtest data,to a new axisi, maximally congruent with the cor-

responding new factor for teacher ratingg. A similar arguinent holds for the

,trran,sformatiOn'of the teacher rriatrix.. The first row first column elerpent of the

matrix y4(2) in Table 18 is nearly one, and the rust of- the elements in the first

column are nearly zero. This means that the new teacher axis is not signifi-

cantly changed from the origin-al first principal factor axis for teacher ratings.

In other words, the first principal factors for students and, teachers are them-
,.

selves almost maximurnly congruent with each other. In fact, the coefficients

of factor similarity between the- fii-st principal factoks is !928 (Table 16), and

it is close to the maximum coefficient of congruence .941 after transformation

Items which have :high coefficientg on both data for students, and teachers

are Items 27, 29, 30, 31, 32, 35; 36, 37, 40, 42, 43, 44., 45, 46 and 5Z.

They are closely related to the-contents of the tqxt,, The difference .from the pre:-

test case is that items which require .sOme algebraic manipulation are nowtin-

cluded in the post-test case. Items 27, 29, 30, 31,- arid:32 are the examples.

To ge atcusto tl to such algebraic manipulation may be necessary in order to

answer ,these questions, and this.would be, expected as a conse ce of study

and practice based on the text. Items which have loW coefficient's on both kinds of

data are 3, 4, 6, 9, 10; 13, 17, 21, 25 and 53. MOsro-f them are -the items
. .

whose ctIntents are trivial or not. taught between the pre-test and the post-test
`...- . .

. .i. ..
administrations. Thus the congruent factor for the, teacher ratings. and the student

performance at the post-test time seems to be a factor which stands for a general



I

mathematical achievement along the content of tii4 text. The degree of>con-

gruence is hfgher than the pre-test case and the coefficient is ._94l. Tlitts the

new matched general factor for teacher ratings is.highly congrAnt with the

students' general achievement on the post-tests.

Let us summarize our findings for congruent fac .rs. Only one factor from

student post -test data is regarded as congruent with a factor from teacher

101

.

ratings. The factor coefficients of:the items for stki ents general performancv
. t

at the end of instruction are similar to the coefficients of the items for a new
. ,

factor foteacher ratings. Items asking for the erstanding of basic

mathematical concepts and the skill in algebraic anipulation (based on the

conte ts of the text) are closely related to these two congruent factolt (one for

student performance and one for teacher ratings). In fact the student general

achievement factor (the first principal factor, for post-test data) is itself

,maximally congruent with the new factor for teacher ratings. Also, the first
,

principal factor for teacher ratings (response get.) is almost maximally con-,

grUent with students' general ability.

Another new factor fcif teacher ratings was matched with student pre-test

performance with high congruence, although the degree of the congruence is

slightly lower than that obtained for the post,-test data. Student ability to work

on the tasks which are closely related to the content of the text contribute to
.

this factor, but ability on the tasks which need some knowledge and practice

does not contribute. Both of these abilities contribute in the case of post-test

, data.

Student gains from pre-test to post-test failed to
e

sho

with teacher ratings. We found some positive relationsh

f student gains and those of teacher ratings in the .earli

high congruence

between mean -values

r analysis. Btit, in

the analysig of faCtbrial stFiictures, in which the effects of mean gains and mean

-ratings Were taken.aut, a high similarity between both tructures was not found.

'
1 7
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That,is the strongest relationship between student gain Scores and teacher

ratings is that etween their mea n values.

ft .4
. r '.

4 2. -Problerurand Sugge'stions for Future Study
, '-..

In the preceding s ction, we have analysed and dissussed the results we

obtained. Buts Ill some problems exist in this study. Some of the problems

will be iscuss d and studies needed in the.future will be suggested.

First Of all, we found that the intercorrelations-ariiong-Student scores

of iterps`, particularly, among- gain scores were generally lower than the inter- .

coreelaltions among'teacher ratings. Usually, the intercorrelations among-

cognitive tests are higher than those we have obtained`for the student data here*,

One reason would be because what we'used for correla.tions were not a set of

long tests but aset of short composites of fo&r. sub item's. This was done

because -we intended Co, prepare and administer as many kinds of items as pos-
.

Bible within a- -given limit of time. If rittich time is allowed fOr administration,

we Should usela longer test which consists of many items, as a unit. This is

' particularly important for obtaining meaningfu gain scores; since the reliability

of gain scores will usually be Tess than the eliabilities of the pre- and post-tes

scores unless both are highly reliable.

1960, 'p. 287).

uilford, 1.954, p. 394;. Cronbach,\:

We obtained only two A three cortimon factors from the intercorrelationsi

. among student scores- in spite the, fact th4t we used 54 items as variables,
V

They account for only a sma 63ortion of the total vari ce ci,f the varetibles

I

.

about 20% for the pre- an post-tests and 10% for gain ,sores, Such

low communalities resulted from the low scores,r elations among test scores, and,

eA the data from French (1951) or Thurstone (19581, for example.

4
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further, they came from the fact that we used srriall ukieg of sub-items as
4

variables. This'defect was especially evident, for the gain scores. The reason'

why we could not 'find a fruitful conclusion from the factor analysis of the gain
5)

scores Would mostly come from this reason.

For the factor- analytic model used in this study, we started from the

analysis of intercorrelatioh matrices rather than the analysis of variance-,
1 ter

covariance matrices or the cross-product matrice8. In the study of the re-

lationship between teacher mean- ratings -and student mean-gain scores on

items, sonde positive, not strong, relations, ip has been found except for a few

items. In the factor analysis of the intercdrrelations of gain score, this effect

taken out since all the mean values of items are standardized to'be zero.

With`this model, it is only interesting what group of items gained in the same

direction and what group of items gained in other directions. If we take the

absol ute magnitude of gain scores into consideration, some other result. might

be- found. N

4The similar argument may be possible for the variance- covariance of
.

.. %
items. All the variances of terns are . standardized to unity in the model of ' ,

. 1 ,
this study. The units of measurement for student scores arAd-teacher ratings

are different and the variab ility of the samples of subjects are also different.

This problem ha) not been deeply considered here. For future study, some

modified model in which the effects are taken into account would be necessary.

On the construction of'testtems as stimuli,' the items were collected and

made in a somewhat arbitrary way. Since thiskind of study was the first trial

fOr the UICSM subject material, we did not-assume, a pri,o ri, any definite

dimensions of variables. This study was rather an exploratory type for finding
`what dimensions are important to student performance and teacher ratings, and

no rigorous experimental design was made a ssuming the important dimensions

of factors, as experimental psychologists and statisticians are likely to do. It

121
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, .-
would be in a future study. howexer, that.the stimulus!-,materiali i'.

,

/ 4

he arranged' from this point of view an the ba.sis of the finding from the factor
P /7

' . 'x .
analytiC study. - . . I '

- r
y . .

Several variations are possible concerning The intervals between the pre-

test and post-test: In this study, Test I based on the first three chapters of

the text was,pre-tested when teaching forChapter b started and it was post-.

tested when tea'clitng_for Chapter 3 ended. Test IL basted on Chapters 4 and.,5

of the text was Pre-tested when the teaching for Chapter 4 started and it Was

post-tested when the teaching -14r Chapter. 5 ended. We could, of course, ,give
,,k;

both Tests I and II as a pre-test'when the teaching for Chapter 1 Starts, and

give them as a post-test when the teaching for Chapter 5 or the first semester

ends... 0r, we could split TeSts. I and II into small sections for each chapter
tit

and give them at, the intermediate points in:each chapter. We could also design

,

z

104'4

an experiment so that both TestsbI and AI are given at every section of the
. ---',. .

chapters or some equivalent place,in order to find the effects of transfer and -,
. - ,.

. . . .

forgetting of the previous chapters. Such kinds of research need more careful

9

and long-term experiments, but they seem important to understanding the process'

of student learning.
, .

The teacher-held objectives should be rellected.on the effect of their teaching

to their own students.' What\ we want to know is the facts 'on which the students'
, .

who have been taught by a teacher who holds such and such objectives showed
.such and suchprogres's during the study of course. We used only four teachers

and their students from one school -for this purpose. To draw a fruitful con-
'pec,

.

f 'differentclusionAn , tFus respect we need more classes Cram schools and their
.

- .,
teachers, A longer term and larger scale of research is also required.

At any rater, we are standing just at the introductory stage; and this-study
i.. ,- . *

would serve as the first step to the long-way to'theultimate goal.
...

30'
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This study was designed to inv6stigate some possible relationships between
;;.

. teacher -field objectives and student perfprmance that appeared in responses

samples of test items of the new UICSM-high school mathematics.
,.. ' '1

,(
Two booklets, Test I and' Test II, were made on ihe basis of the con-

,
.

.

.tents of the first five chapters of "High School MatheMatics, Course 1" by
I _11) 41

--. Max' Beberman andH. E: Vaughan (1964). Most ethe.i tems consisted of-four
. ) "

sub-itemobwith the same eontent and style. The scores'were obtained for

-each item by the number of correct answers of the su0,b-items. 'twenty-five and
, ., .

hventy-nine items. were used for Test I and Test II, respectively.
. . -. ,

. -.

Test' I, as s, pre-test, was given to 9th grade Pekin Community High School
'students when classes started, and the sarrie' test was given, as a post-

-,
6,

ttest,t nte sane tu en s when instruction for the first three_chapters of the;

test an which the test content were based was finished. :rest IL as a pre-
.

tesxt was also giVen to the .s ne.students on the day after Test I was, given as
14

e
a post-test.. Test II,°as a post-test,was given to the s ame -students wheriih-

°,

struction for Chgpters 4 and, 5 on which the test contents were based was

finished. Each test was giyertusirig the ordinary 60 minutes -class-peripd. .The
. .gain scores for t54 ,students were obtained for each Item. ,

k

A actor-_analytic method 474,s,app1 Nd to-the three sets of intercorrelations

among items., based on the pre-test ost-test andgain scores of students.
t. - ,,,,, ., - .Three, two, and two actors ere. Obtained from the pre -test, post;. test and gain

",, , ..'
al

. ..r ., ,

scorit.s?,L-Perspectix;ely.
!Pi .. . - . . ,,

A questionnaire was made -asking teachers Coevaluat e suitability.of.the
iit t. _ .test items (the same as those giNien to' the s.tuder)ts),f .

qt.
,,'.. - . .

si
4

1'23 ,

-use in an' achieve inent.

F.

.

r,
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test at the end of instruction in given chapters. The ratings for items were. *) 4 A

assumed,to be -an indirect indication. of 'the teacher -held objectives for teaching the

subjects. The questionnaire was sent to all the teachers who were using. the new

text, Ad 105 responses were collected from 70 different scgools in 19 different

states.
...

The intercorrelations among teacher ratings,for items, were factor analyzed

and five factors were extracted. In oriiler to gee the factorial congruence be.tween

teacher ratings and student performance, a canonical type of analysis was carried

otkf'for the sets of the -student pre-tests and the teacher ratirks, of th,e student
,!c

. post-tests,,,,and- the teacher ratings, and of the student gains and the teacher ratings..
0.The factors fouMfrorn both student scores and teacher ratings, were transformed.

so that the maximum congruence,between them was obtained'.
. 1,

.0°. . . .

The main results found through the analyses in. this study were as follos:
. .

4 .

1 . No particular ,reltionships Were found between mean values of the teacher

&atings and the student porformance on either pre -test items or post-test items,

even when the mean ,3.1ue.s forekin teachers only were con.sidered.-
,*4t.A. --0. ,

. A

2. A weakly posl,tie telatIonshiP Was found betWeen mean val,ues of the,, -.' 4

, '-.:... I . c.
teacher ratings anet e-k e.udent gains. The 4teachrs ernp,hasize.d sound uroleX-

. .i," . ,'*
standi4.ng of basic urrcepts ether than the simple rofflearning ofiimathematical

. . ...
concepts cor_,stmply mechanical. cornp-utations. Citene rally , the stud ent progress

meets this kind of teacher objeCtives, but the students,showed the highest progress
etoin numerical type problems for which somepractice was .required.

0 . g e ,
3. ThefIrst principal factoy for the student pre-tests indicated a general

.
tfm

. . .aptitude for learning mathematics. .Th%.ability to translate a verbal statement
. 1

mathematical expression, for example, was important, while a compu-
.

tational ..skill itself was not important at this stage. .
....,

.

.. 4. The second, principal factor for the ,student pre -tests Was' related to .
':,,r 4'. .

..- - 04

»s the order of the items which the toi.ident attemkted. TiMe-constiming items and
te'

i . o

o.

-

- .
. . a' ..- ..,

a . k 0 t 8
t

I. 2`.....

4, ,i2 4 .-
1 ,

.. .

tor
4 o I

1 . 4 .
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the items near the end of the tests were likely to have high coefficients ox this

factor.
\*\.

107

.5. The third principal, factor for the student prewwkeests .was hard to interpret,
1---'"

and it was left unidentified. -

1111

6. 'The first principal factor for the student p t-tests indicated general

achievement fore mathematics related to the given contents of the text. The

ity/whi.ch was emphasized in the text was closely related to this factor...

7. The second principarfactor for the student post -test .seemed to be

related to a deductive- inductive factor. 'But it warms_ not clear.

.. 8. The factors found among student gain scores were ambiguous and in-
, . ,

tglt-pretation was considered too tenuous to wia--.nt further consideration.- -

9., For the principal factors for teacher ratings, the first factor was

related to individual differences in the general tendency-of each teacher's raangs,
,

e., teachers' general response set. Items'asking Or the understandings of the

basic mathematical concepts tended to have high coefficients on this 'factor, and r

items which were%irr;elevant to the test tended to have lo,w coefficients

10. The second and the third factor were related to the irrelevance of the

,-items to the co.p4toirits in the text. The second factor was related to simple corn-,-

putational abilities which wilj be taught later. The third factor, howevel,'Ire-,

".ferred to abilities something apart from the text. The second factoryas,also/ .
,

related to the conventional vs. new mathematics problems.
s.

11. The fourth principal factor referred to a corceptul vs' algoebraic

ability. Some skill Of algebraic manipulation such aS simplifying mathematical

---expresiisThns and--golving equations was positively related to this fac-to5*;
' \, .

. l , ir
12. The fifth pri.ncipal factor was difficult to interpret and it was left

4-4
unidentified.

.t
*
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ci
O

,, , .. t
.13. Only one factor.e,acn from student,pre-test and post-test data was con-

.. ,
gruent with teacher rating factors-2 Tht.Q.caigruent factor between student per-

forrhance in the pre-tests and teache.r ratings was related to the knowledge that.
..... ..-

students alread`r had that was closely 4elated to the contents .of the text. 'Ability

which needs practice was not important.

performance in ale post-tests and teacher ratings, however, was-more related

The congruent factor between student

.-
to the achievement of the objectives which' were supposed in the text. Both bagic

concepts and afgebraiii manipulation emphasized in the text were "important for

both student's and teachers. The contents 'which we're not taught were naturally
4

It should be noticed that the firstunimportant for both students arkd teachers.
*re

principal factor for the student performance on the post-tests was itself 'most

congruent with tea._ her ratings.,T?ft-' two actorial struttures.matched with
4

students' general achiee ent and teachens ratings were highly congruent

(91kfiicient of conwuence, .941).

14. A low coefficient of congruence was obtained between the student gains

and the teacher rating -, and no consistent patterns were found between them.

The two factorial structures, in which the.effect -of the mean xalues of student
_

l

gains and of teacher ratings w -re taken out, wc-1e no longer simila'r with each

other. Although there, was so le posithe relation-ship betwen mean values

of studenrgains and of teacher cratings, the second matched-factors in all three

cases of'student performance were 0 non-congruent with the teacher ratings.

15. Finally several problems inelude4in this study were discussed and

some necessary sfudies in future were suggested.
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TABLE I

Intercorrelations of Pro -test Sc ores among, Items''

Ltems 1 2 3 4 5 6 7 8 9r 10 11' 12

1

2 25i
3 172 056'-
4 -02.9 -020 456
5 024 101 098 A035
6 121 - -135 -163 07.1

.9""`

7 075 -042 -170 -131 065 041
8 149 -033 -070 -044 og4 067 299

-010 002 -007 -100 047 072 157 052
-027 -126 058 02.5, 043 -108

o- '070 - -127 013

11 132 111 -138 -147 -028, 188 131 .104 =016 -0-33
12 - 023 229 045 -063 -014. 020 02.5 -133 -056 113 079

,13 -003 104 023 -019 043 -092 -133 088 Li;o -140 084 -006
"14. 036 082 -.007 026 -025 -048 -030* -034 -034 428 025 111
15 , 130 011 075 -02,3 -018 -016 -024 046 -064 044 019 146
16 . 044 -062 021 -063 119 015 060 .. -071 076.: 230 182.
17 117 -007 -108 056 016- -0-04 431 276 076 025' 114: -087
18 --035 -099 -169 -052 000 129 T-8-21- 257 096 72 173 009
19' 083 095 078 162, 073 -031 41631 -111 *-100 160 097 :061,
20. -011 104 013 1675- 246 t20 041 068 096 -061 -019 -0-82-

4

21 007 083 -001 121 .135 ,041 092 -034 123 153 -066 080
22 -007 058 -039' 033 . 025 033 048 121 111 -059 101 -057
23 -100 -028 -052 057 .094 111 169 056 090 018 030 -122
24 087 165 068 102 046 45 -080 088. *-155 -126 -006 01825 -099 -006 -07 3 009 1T5 148- -032 126 -053 -002 096.. ,016

IDeciina1 'poinis a re.omi-t-t-od:
Underlined correlatiofis are significantly different from

'13

zero at the 5% level.
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TABLE I (Contin ed)

Intecorlations of Pre-test Scones among Items

Items 13 14 15 / 16 17. 18 1'9 20 - 21. 22 23 24 25

r
2

.3

- /

.4"

5

6
7
8

9
10

11
12
1.3

J

14 298,
15 133 216

.16 '--083 022 179
17 -134 0184 -084 -052
18- 073 -052 024 031 278
19 131 084 088 -001 009 005
20 \, 012 129 '-096 -106 -017 128 188

2.1 -133 053 -226 080 023 -Q26 125 275
22 114 07,5 031 0o54 X002 141 245 2T6 204
23 131 -023 -067 003 007 090 2.78- 232. 1-671 535
24 -151 -112 -099 -025 053 145 247 1"67 310 '290
25 -004 -078 -051 004 . 091 150 010 079 09 -6 093 MT 276

133



(ContiAued) ,

Ihtercorrelatioris of Pre-test Sccires among Items

Items 1 2 3 4 5 6 7 : 8
_

26 054 095 026 080 030 -049 -031 '047
27 072 056 110 138 095 -026 -038, 064
28 026. 050 -007 . -039 074 063.-023 -055
29 102 033 187. 107 Q9b -159 198 19.1

30 178 041 282 214 076 022 -052 -113

31 -047 -145 106 114 042 012. -036 -047
32 -114 082 216 025 -037' -113 doz -074
33 '-065 079 -008 099 -128 -093 012 021,
34 -084 -182 003 035 007 051 101 056
35 227 27T 147 050 119 -149 022 151
36 054 089 007 -027 -035 008 143 -006
37 109 . 129 150 170 060 -115 143 175,
38 . 065 053 184 , 031 , 123 053 028
39. 270 234' "13-.6 046 193. 014 054 '12'7
40 243 077 216. 061 178 087 -074 -019

41 -105 -047 -064 068 '110 068 -069 -096
42 e62 175 105 044 125 07.0. .080 049
43 129 168 166 034 018 -005 ,132 036
44 140 200 144 088 004 -068 -013 111
45 -012 -022 098 178 036 -035 -021 -055
.46 075 075 214 210 153 -102 061 029
47 -049 009 098 138 085 -016 016 "086
48 -169 -020 022 123 039 030 -003 t. -047
49 044 01-8 068. 1 034 .049 098. :-050
5a -038 016 037 108 -1.63 04.1 170 048

51 043 091 -071 Q75 Oa -069 183 071
52 -005 116 058 167 139 -028 047 180
53 108 b 3Z -136 -044 072 214 080 158
54 073 080 -051 025 123 -179,' 041 090

A

a

9 10 11 12%

04 152 -066 059
-024 197 037 056
011 207 066 032,.
051 -018 648 -017

-002 '119 077 -043.

S

-072.'100
045
1187

-009
080
093

-021

061
038

-048
169

-048.2125'
041
139

037
139
068
03k

143
119.
035
249

23.0
Trr

2.99
153

183 087 017 243
101 159 004 TOT

-013 073 -003 136
fr

-.11.8 130 -042 102
'151 004 12P 156
010 129 156

-Q83 019 021 098
071 -025 017 /025

15 -034 :031 068;
118 -027 _.../-050
105 062 -016 a6.4
123 ,-041 091 000
009 -052 O31 7020

073 075 -003 -055
014 -023 --1771 -b92
057 007 0 /064
096 090 046 -043,



Items 13

26 061
27 118-
28 -037
29 076
30 1. 110

31 078
32 .70_52
33 -010
34 -109
351 -052
36 000

012
38 -054
39 -014
40 017

4/ -085
42 -040
43 49 -034
44 - 049
45 -114
46' 060
47, 100
418 038
49 -051
50 .031

TABLE I

$

(Con4inued)

Intercorrelations of Pre -test Scores amongtIterns

'14 15 16*

019 ' -028 -037
'032 --126 046,
:005 -033 065
- 120, 113 '1068 ;

075 ' 118 150

059 003k-020

-:4:160025753. :00066 39 11363

-065' ..062 127
.156 020 092
018 090 149

- 009 037 0134'
073 -014. 066
153 103 037

- 071 105 -059
113 , 073 063
008. 060 205
005 022 037

-067 036 _051,,
- 018 -078 -02.5
011 -094 -032.
020, -096 040

-011 :023, 080,
-,.079 058e 109'

51 043 -095 006 -016
52 041 -065, '-017 -130
53 026 -115 -027 -122
54 009 -033 -022 020

17 18 1-9 20 21,

-077 -153. 080 181. 093
-080 -072 062' 130 1-67

077 -138 -105? -004 131
040 050 013 , 09k. 008

-011 -410' Z03 189 -02'1

114 -039 -031 011 024
-126 -039 0.73 044 089

026 052- -042 -013 '148
-00'8 134 :204 -013 -022
.068 -088 060 -095 -088
054 -030 096 072 137
026 038 -049 -091 -048
139 -05.5 -002 109 076

-03'41.-025- 113 079 162
044 103 040 011

-070 p004 0 036 -0k32
067 -023 035 116 .106
009 -087 088 .-01 131

-064 -104 :047 056 -02Q
-176 -1b3 050 210 095

193 -084 089 105 189
-06--8 -017 014 265 (27q
-040 -030 089,, 144 028
050 -7.82 110 -009 066
060 094 027 -005 -02.2

052 125 091 - 092 074
-020 024 .019 160 038
031 251 085 -019 033

-077 i0Z/6 151 030 152

V

22 Z3

1 r4 113
029' 043
005 054

x 043 fArQ22
035' /038

056 005
-049 A061

1 008 063
-078 .1078
-035 -039
074 ..2i,5

-120 -048

t,

.24 25

109 .052
254 103

=014 -083
047 043
106 044

016 033
040 033
028 049

-056 114
08Q. 091 '

-018 -003-
026 043

-035 -011 048 032
090 051 199 02:1

-042. s. -042 - 066-: 031

-022.
057

014 -011
on' 048.

-079
020

179 049 142 -001
097 083 .086 -019
162 081 143. -054
--147 145' 142 -009
142 042 '189 062
242 ' 110 170 =027
017%, -018 - 000 -103 -
054 185 035 16,6

220, 209 172 '02,1
173 J 192 300 126
0,77 767 092 102
179 EST 159 059
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(Continued)

Intercoyrelations Of Pre -test Stores among Items.

Itei-ns 26 27

4 :

27 180- . .

28 T-63- 19Q
29 --OW ,4179 -166
30 0;79 2-2-5 242

28 29 30 SI 32 '33 34 35. 36 3:7 38 39 - 40

3'1 -037 140 402
'037. /192,
014 :168 ...71
029 G27 -
143. 269
329, 043

..r1014 191
114 248'
2.55 0-67

146

'32
33

71-34
r 35

36'
37.._
38
39
40

IT
r91

099
225
058
175

9
07

"..
41 010 042 P :0
42 048 093 141 04'2.
43 , 1.20 031 688, 113
44' 103 .104 -063 087
45 047 . 089- X076 400
46' 070 163 "4066 - 176
47 065 -21-2. OA 094
48; 024 129 073 --0,37

.40 135 203s 089 '-o
50 05.5

. 51 1,531! 139. =093 '..1.19
52. 190 4-88. -130 A 1 1

53 009 07 1 24.1-
,. 54 -07.3 " 2 -L 06. 230 .

011

062
039 232
061 243
044 0'66
107 211

-074. P49
ZO4 115
070

-018

220

-042 009. 126
.

: e

a

025 141-1

-323 131_
-039 .043 238 040
008 050 137 108

-159 .060 *356 128
1.915. --01-77-5 118. 227- 086'
142-'00 082 -03 -029

20i
42Q. 176
232rsv 201.-
1651r 1 71

113 '179 082. 02.,fP0'427 048

-188 ,051 10:7-1 7069 -019 -009 -041. 00.0

068
219 348

0,69 -116 049\
.1:40. -060 080 075 -046 314 181 237 134
1D1 -091 101 ". 141 -trin*tok:213' 77"-6 ,189 1'34
1081 -L70' :-.099 004 -130 174 Me TAT
209 028--1 061 .128 .-024 099 s 094 041 031
039 1,37 .125/4. 0134t:' 032 221 242' 074- 179 ,

1:91 127, 18;5 -043 '0060 0'44 1£7 -0.15 110
101 CT ,-014 007 b43. 184 -07p 063

170 .-'029. 154 . 09'1 ;-041 095 15) 02,9
0'31

.
066 090 '051 001-).... 048 100,

,.-063 -009 G'42' -) (5161 -05t.1 00'1 '-'06t
.-4,08.1;44'-120 -059 .043 .068 075

-0.08 -019 -043 032- 087 .109

037
216

4

0.28 t, -200
047 '-04I
OW 044
018 0'40

136 208
099 2,8&
060, -059
0468 002
0'19, 048
166. 044
lam, a 034
041, oob
069-'-o51

264 -031
313, 144 -

-020 -061"
062 -.029 14

ir

1:3(iA



TABLE I (Continued)
.

Intercorrelations of Pre-test Scbres among Items

Items 41 43 44 45 46 47 48 49 50

fit
51 52 53..* 54's

26
27)'. Alb

28
29 . 4
30 ,

'31
32
33

35
36
37
38
39
40 -e"
,, *491
41
42 , -054
43 -028 407
44 -201 148 126

110 :185 211 220
46 -025' 122 176.-T b7,71 r43
47 -10,5 215 094 196

.T
260 296

'.- *159 ,,128 107. §T 375 288 701
49 -205 165 181 144 TOT 114 038 :039
50 --1-44 .:058 123 074 156 084 &58 112

51 135 14 8
4,
u_68 247 085 129 241 039 217

r
52 -051 449 103 154 1a2 Odd 218 227 188 ',-6-171 351
53 -040 -072 -015 016 -116 050' '054, (7743 040 173 1-277-7 1(56

54 t't068 076" 100 1'64 " 007 2Z6 195 '236 148 120 352 237 330



Items

1

3
4
5

7 .1
8
9

10

67°
0

T6-6
200

-025_
099
037

-041
-084

20611
12 188
1'3 128
14 171
15 ---059
16 033
17 . -009
18 143

ft- 19 107
20 181

21 158

23 OT3b

24 - 190
25, 092

TABLE II
*-;

Intercorrelations of Post-teg-t Scores among Items*

4 5 6-

170 .

005 123
097 -002 -010
023 004 :--01-5 084.--097 097 084 021 -114

-122 006 026 '067 .-119
-033 -039 115 Q54 -070
022- 117 -014 -006- 060

3.27 074 078 024 099/-
142, 013 009 129 -07-5
042 3f60 -023 124: -004
093 -006 '420 189 -073

( 0 -027, 442 Tolf '-167
0-23 016 -166 068. 011

-09$ 085 "-0.83 030 -088
f47, :080 194 '-0Q9

168 170 -021 114 -222
-039 936 060 162 -074,
09.5 027 '7, 115 -019

e
136

-063 08d 038 119 -156
154 -025 036 -045 -173
0c20 067 3 -062 4-166
063 435 91611 5 091 035

Decirhal points are omitted, r . /.
= Underlined correlations-are significantly different from,ze.ro at the 5% level.

7

275

-013 -087

010 013
197 169
oor -(T6T

*086. 134.
101 106
110 .083
171 0940
147 -015

-0=30 .037
-008 076

08'4 -031
0'94 .047
108- 061 -.
150 108

-026 0.05

9.- 10 11
lz

fr

171

.
-094 073
-025 067 216

015 -041 106 258
,096 -104 129 192
078 07'1 "130* 125

- (}3 072 -069 108
-011 081 084 078'
-027 117 043 131

098 094 019 626
152 082 -028 032

042 -029 -123 108.
157 -032 015 107
166 083 -030 656
070 -02i 034 266
223 0132 .055 1:7;

---



(Continued)
141,

-1, Intercorrelations of Posttest Scores among Ite

iteins 13 14 15 16' 17 .18 . 19

1-

4
5
6
7
8
9

10

'11
12
1

14 476
15N-- -012
16. 048_, 041 ,_065

1025 024 -027 05
18 ~ 146 0b6 010, X78 552
19 4979 237 080 --066 166
20 ,182 131 S 8 168 . 144

21 4 -070 -692 036
22 071 141 *-047 -147 006".
23 032- 06.0 089 058 003
24 101 182 172 031 078
25 666 -675 52-6 .116 -067

.

20 21 22 23 24 25

-

142
185 106

041 09& 121
021 067 113 121
015 108 007 0 014
160 209 149 087 113 146
097 -002 167 -153 099. 063 147

C



Items 1-

26 043
27 104,
18 286
Z.9 . 174
3.0 = 280

r52.
'32 079
33 197

,34 :156
-35 106
36 07t,
37 028

. 38 40 189
1-55

40 163

41 0'25
42 2.412

43 179
44 t219
45 033
46 189
47 L53
48 025'
49 206
50 527

51
52

, 53
54

TABLE II (Con'tinue'd) r

Intercorrelations of Post-Yest Scores among Items

2 3

058
206
199
038

-006

005
058.
177
023

-068

124 1-3-e
-061 058

155 090'
067 7 1,0,-.)

143 132
027 -140
169 158
071 122

-0070 -017
150 11:B

-062
101
205

103,8
054
197

146
144
193_-

-0t4 023
141 032

-135 151
152

-156
- 019
051
120
12°5

02 '
08b
032
041
0'35

054.
-045
-024'
-102

4 5 6 7 8 9 :10 11

061 025 052 084 002 -037 074 025 124r
007 21`7 -030. 025' 203 0.52 * 053 059 153
086 076 -024 018 C,36 016 056 001 1 5

126 144 -182 166 171 212 059 007 4
-057 085 002 039 124 088 -127 096 247

094 082 127 030 078 13o 056 031 273
0.85 008 010 081 182 044 001' -094 107

-018 193 043 004 135 -039' -033 =025 234 4
1-051 17E, 7223 -027 032 097 157 -026 1'68
-050 4 003 -021 119 1'83 L 0 7 2 -073 031 350
-012 -027 70940 1;2 205 032 -022 061
-080 -008 -013 057 T-57 082 010. -025 308
.015 -103 -057 ,103 '148 -012 -018 7045 255

128 134 -012 077 222 -00T -105 033 174
136 160 -106 102 137 075 001 190 258

-408 -060. 137 -024 -030 01-8 04'9 -037 ;-098
127 ,,,023 087 06.5 230 012 -019 21-0 109

-003 -'115 058 ., -033 14ig 112 188 17.)-T 219
067 -Olt) 029 116 14&' 162 -039 -012 123
016 142 008 243 216 055 084 2,15
026 076 081 056 A.52 -053, 043 070 126
047 037 0;9 074 .028 012 138 182 - 229
014 011 069 049 087 -020 -016 141 019
068 026 -042 '068 142 003 009 084
973 126 2073 100 097 146 159 -016 257

-022' -003 051 235 237 029 -051 '063 019
013.-. 07.1 .1061 077; 135 072 031 097 172,

-009 033 027 106 -050 -052 -018 -081
-013 -Olt) 090 113 130 135 -021 -098 -086.



TABLE II (Continued}

.7.'.Intercorrelations of Post-teScores among Items

46 091 138 -087 009 -055 1,13 084 ',18 9` n 104
.47 091 -121 054 060 110 1,59 I, 062 121 147 17'4
48 9.004 *-015 -032 028 033' OTT) '076 089 014 281.,
49 089 100. 008 =135 .-067 050 41.-21 -003 0342 M°
50 137 265 121 038 000 167 234 196 007 168

_.."--N

51 '''038 114 .083 -051 154 160 -054 069 021 102
52 171 263 025 -058 059 -129 110, 095 025-- 114
53 -029 141 109 -0'66 131 . -082 -055 '011 084 069
54 -077 056- 071 -056 ... 064 113. 002 -011 069 037 .'

.

ay,.. ,

-'4
J d 3

46 091 138 -087 009 -055 1,13 084 ',18 9` n 104 047
.47 091 -121 054 060 110 1,59 I, 062 121 147 17'4 059
48 9.004 *-015 -032 028 033' OTT) '076 089 014 281., 44 0
49 089 100. 008 =135 .-067 050 41.-21 -003 0342 M° -014
50 137 265 121 038 000 167 234 196 007 168 163

_.."--N

51 '''038 114 .083 -051 154 160 -054 069 021 102 -044
52 171 263 025 -058 059 -129 110, 095 025-- 114 039
53 -029 141 109 -0'66 131 . -082 -055 '011 084 069 041
54 -077 056- 071 -056 ... 064 113. 002 -011 069 037 .' V.3'

.

ay,.. ,

-'4
J d 3

047
059

44 0
-014

163

-044
039
041
V.3'

2 133 031 136 137 2.51 '020 160 109 041 214
354 .096 244 148 134 092 147 162 188 099 017 12,5 181 210
36 155 124 ^.104 049 041 226 -07)----; 114 465 092. 147 113 110
37 174 238 042 174 023 107 078 049 -041 054 112 183 105
38 148 7.7.71 -015 029 -01,7 078 127 019;* 22,6 158 , 152 134- 10;
39 169 . 193 -074 -002 049 166 -020 .9962 -014 154 -021 108 110
40 215 277; 110 003, 152 158 ii2 237- 089 173 031 189 081

41 209 088 -01.5 01'5 -0e4 025 -087 097 110 -079 -045.; -093 073
42 085 210 -034 9'07, 159 166' -179,,, 359 180 .091 040 ' 41- 107'
43 240 345 047 11'39 , 060 184' 172 147 4084 120' 089 229 191
44' TOT 147 037 058 025 ,..t, 127 03 225 134 32 -01,5 213 171
45 162 258 -052. '134 065 11'4 107 125 171 133 0?-9 ,T6T-3-'-ro4

188 14;
201 034
057 020

-0;9 001
206 088

159 039
M 052
003 .. 01:7

-003- 016

188 14;
201 034
057 020

-0;9 001
206 088

159 039
M 052
003 .. 01:7

-003- 016
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TABLE LI (Continued)

Interco.rrelations of Post -test Scores among,Items

ow`

Items 26 27 28 29 30 31 32 33 34 36 37 38 39 40

26
27 214
28 173 335
29 105 222 278
30 080 TG.-9- 209 260

31 073 20,1 274 300 282
32 022 152 222- 188 334 379 ,
33 1(?6 233 273 TIT; Z7T- 350 297 .

34 091 225 218 388 203 .237 313, 315
35. 291 304 403 237 2.7, 274 175 461 185
36 209 0 114 /711.7g 155 159 , 127 173 019 29.5

3 7 -- 185 203 190 -52.3. 274 374' 224L 322' 156 424 261
.
38 e 1.37 TU. 261 181 \ 258\ 192 .340 355 273 -308 418 134
34# 100

125
237 253 171

TF7
268 24b '.107 107

248 LA7
101
luti

306 184
Tis7

160 074
218 1t.):,203 159 169- 141 288 210

,

41 124 :143_ -070 -6'32 107 1083 184 03o 015 101 288 0b8 110 -011 08..
42 144t .245 167 . 317 181 , 101.0 ..2-5 T 263 180 349 331 153 153 138 3.28

43 2 4 n
_ 279 207 -576 217 204 171 L5ti- 220 -3-6717 248 304 177.:. 210 358 ....

44 091 197 201 234 219 2--)5 287 14, 198 2.12 257 248 238 159 306
45 230 298 148 184 . 10; .171 219 244 182 374 1-6-6-- 311 2 4 157 258

46 270 244. 212 150. .192 207 307 205 175 . 280 282 231. 329 084 043 .

7 174 221 1,53 23; 276- 291 177 297 151 292 2 318 164 120 352
48 091 0 -6Z 100 042 155 189. 177 1,27 -146 12.2 101 157 202 032 085

4
189 034. 11549 117 . 075 0b4 107 176 -001 201 163 170 106: 148 100

50 248 283 251 242 299 L47 191 243 . 248 301 287 378 Z01. 152 290
0

. --.
51 024 . 197 .008 .106 154 095 .20'1 06.7 142 ,046 049 -013 1'07 073 202
52 ,.. 101 183' 04 253 261 222 344_ 288 364 142 116 054 193 220 .,283

53 -022. 153 -028 049 130. OOL ITT& 088 193 .,004 023: 044 090 -000 081
54 045 , 024 -093 070 065 089 111 --085 012 079 241 189 014 072 -019 .

146



TABLE II (Continued)

Intercorrelations of post..etest Scores among Items

Items 41 '42 43 44 45 46 . 47 48' 49 - 50 51 52 53 54

2:7

28
29
30

32 .

33
34
35-
36
37
38
3c1

40

41
42
43
44
45
46
47
-18

49
50

51
52
53
54

0

P

046
255 394

307
i'

'

TO Z63
400
TOT 29+

`'

. -
385

.

crs

097F
246

454
258

188 -326 .322 3).7
121
041
06,9

458
TziC
T-67;

299 TriC
239 183 , 225 346
110, TO 1.53 181 257

144

062

238 367' 189 29Z 313 398..
246

.,_
138 .179 244 1.6 286

127 747. 269 235 232 147 \ 253
136
127

120
096

175 -0-3-6 138
120

,,095
193

022
139106 051

,.

24$ h
233' 176 . .'
428 . 179%* 311
179 X97 328 464
250 135 219 388 387.
200 113 219' 302 210 420

14a.



. TABLE III

Intercorrelations of Giin Scores among,Items*

Item s 3 4 5 8 . 10 11 1

2 130

3 -002 053
4 -068 *-020 358 , '

5 035 133 -r -055
b 1435 '-148 -012 -05 029
7 446 -144 -043 -105 010 -069
8 -00" -062 -481 -040 071 -09z. 384
9 014 -200 -087 -051 02-. 7021 140 00

41.5

.10 045 -069. 114 -024 -120 OS -034 '444 -044

ti
11 038 103 -140 -079 -134 142 027 058 -060 -04b
12 -173 055 010 '-068 -059 -027 067 -103 -007 080 -044 .

13 021 023 -072 -080 -020 -239 -131 -039..' 038 -150 .-099 -076

14 -098 008 -069 -042 022 012 044 08. ..134 -086 007 -024

15 -087 008 031 -075 -002 -138 043 091 =004 044 -017 -P)

16 .450 001 -033 -017 -062 075 -061-012. -025 119 .146 141

17 -039 -08Q -097 - -049 Q81 -05o 2o4 150 -017 055, 009 091
4 18 075 _.,102 -187 -117 174 006 TO 114. 007 -018 021 149

19 0-- -160 -008 086 04A -019 -090 -078 -051 149. 1-06 -014

20 -005 -034 -085 -Or 142 04o .466 06; 148 -089 -037,4 -054

21 -017 .084 -098 .092 -032-10092 412 -0;2 . 131 014 -027 042

22 = 182 -090 -064 021 083 084 -017 117, :1`1:7 -072 119 ;026

23 077 -011 -045 034 -.037 "009 081 092". ; .15o ,-039 -004 -006-

24 068 007 '024 0o2 -090 -137 -011 057 -031 -096 -027 085

25 -0Z3 -0613 -097 -042 000 -,1"3,&___ -025 0;3 100 -037 031 -050

-Decimal points are omitted.
, Underlined correlations are significantl} different from zero atthe

.ap

:14

0 level,



TABLE III (Continued)

Intercorrelati6ns of Gain Scores among Items

Items 13 14 15 16 17, 18 19 20 2). 22 23 Z4 - 25

1'

3
4
5
6
7
8
9, /-

10

- 11
12
13
14 439
15 020 037
16 -111 -012 139
17 -034 055 015 0.07
UT 170 ,094 '076 010 99
19 112 149 071 -014 94 114
20 026 _035 04,p -006 -036 049 -042,

21 -P85 -066 =090 080 -069 150 067 175
22 130 073 -070 014 -034 083 '158 130 174
23 . 129 053 -080 -057 -012 026 183 004 0-1-67, 389
24 -016 =068' -032 -052 -0570 023 070 11'7 03.1 240 209
25 043 '016 -186 006 -070, 098 -034 159 047 141 -179 259



o.

Items 1

,TABLE III (Continued)

Intercorrel-actions of Gain Scores among 'Items

*2 3 4 .5 6 7 8 '9 . 10

rr

RP)

--1E-
14 12

26 069 059 096 110 -025 -056 054 -001 024 130 ,,-169 004
27_ -113 -01 -0.54 -045 089 -016 -047 122 -116 f180 -T67, -057
28 048 016 003 -038 -119 057 944 -095 053 s- 187 036 -134
'29 068 -197 -410.18 029 *7'7 -219: 243 193 023 -084 -016 011
3'0* 021 -182 '016 -066 -045 174 079' -TO 040 -056 -b04 -059

31 2 -128 -153 -;083 024 118 083 obe -054 -004 -043 0;0
3232 - 96 -046 -025 -106 -134 -029 12.2 103, -040 -102 002 050
33 -087 -0% '-.175 -015 -017 -002 -056 -025 ..-096, -138' . -Q26 025
34 046 -063 ':-.1gt -105 -002, -107 4;053 101 -043 004 -086 086
34, -15'7. 1-24 051 -064 086 .012 .043 064 -052 026 065 .068
36 -147 -060 *-096 -015 -087 -085 184 162., 012 131' "." 056 241

101137 -160 -011 075 095 ,-036 047 214 O43 -0483 002 -035
38 066 079, 108 028 -093 -000 tilT 055 -003; -128 -087 -OA.'
39 070- 028 024 061 136 -0117 Q2'1 1-49 168 156 -003 -115

-c-40 -120 -018 '-039 -103 212 012 -062 -01-0\- 0.57 081 -083 087

41 -053 -025 -022 -001 061 044 -082 -023. 007 - 042 , -059 -10p
42 071 103 -057 -00'6 139 018 060 069 -09 -034 179 063
43 006. -01'6 026 002 144-, 0.22 008 102 03 050 020 046
44' 067 -007 054 024 -944 -040 05' -098 000 -0015 033 117
45 -063 -049 163 022 061 068 083 4,-056 _424 -009 109,
46 089 045 17-6 095 022 -010 076 -0Z5 -198- -100 -011 OS1
47 012 -041 -017 05 028 021 025 038 -011 069 -004 033'
48 .4) 02 -079 - -040 - 0ft 062 08.4 -058 043 -006 r 003 . 013 042.
49 097 -019 041 141' -1 4"1077 068 104 051 029 :026, 099 ..:004,2

50. -038 -100 027 026- -145 005 181 ( 069 060 003 -005 018

5 -022- 018 -044 -,-103 013 -165 104 104 038 -690 -090 -051
52 026 -088 -066 -067 137 031 -' 071 245.. 017 -021 :185 07b
53 -040 -039. -127 -033 080 116 -093 174 036 -108 013 -131
54 -1O9 -oea 110 046 -020 -084 033 -013 -003 17 -005

1 4



et).

;C-
C. A

°
,

' 0

Jfena 13 : 15 16 ;17 18.. 19 , 20

T ABLE.- III .(Corilinueq)

t

Int6rcorrelati9iis of Gain ong Items
. .

2 1'(22..*
4; .4Y 4

26 : Q62 0i6, -07 030
.Z7 -140 , 0414 160 00.6

-134 -055 t.103
29 025 V 064 .-041 -098
30 -108 015 -84 , -031

. _,

1 0 060 ...'2127 -095
-014 101 .-137's 02'0
0p2 068 455 019

39 098 -014 084
00 -197 084 14 -077. -03.7 -044,

36 -07 2 Q75 042 0 . 049 -048,
37 086 068 149 -030 086 -.094

°,017.4 '-089 0,32 -073 033 -059
3 .(5 -07 -031 X175°. 094 X175° 090
40, -099, -013 113 -004. / 120 062

.

32
33
34

- 154'.=054 007
032, 1081 *051

-091 .4'1' 120 -040
023 096 (Vkl

-153 . -031
.7,

4 065.. 1 55 1.08
088 '1 ,3

-105
040 20

.4.:

4 1 001 .014' ict -091 -01:, 630 -026
42 -085. .1'023 161 019" 053. '076 045

:46 ;, 044 .160 61, 205 059 ,;) 63; 039
'44 f; -010 IDOL '.099 -1083`
45 063, 031 069 -"036 008 .,'042 -019
46 016 ..107 ,154 -011 -0,0t. ;089, -02'
47 -069. , *-082-** -095 -024 076".. 0.65 :934

-094 .g-:0,96. -23.9 -007" 4.0 -032
49 -050., 033 X017..-075 -090 -006 06.1"

. 50.
4

5.L9 082 04.!2, 031 ;139 089.
'% 1.00

51- 022 '-.005 t4IAL ;121 1.44-
57 , 063 'J.33

' 5'3; ",=-04Z 018.- .k0.7",-153
54 .051:: 068 -'006

034 01,4 -035
.1049 057 .0.10
'1.018 .150 059
. 078 ;035 055
"154 142 056

*
A.

- 031 -021
044 034

-021 008
124 037.

-092' 011
-103 '-:036
-139.. -.16t3
016 , 737

-0.23
14401.

18b 02-3.
43t--3-. 038
.130 101
013 `.'" ft

,1.137

-024 -011
-IL 075
173 010

- 035 009
006. -122

148

X003
60 31
091

-054
-184
-071
-04'4
--109

-
.;'

f

23 24 °, 2514 ,

081, 4055 016,
075 107 068'

.086 060 -035,7,-.
144 .003 10,1 .

-060 059 021

178. 050 075
-079 044 -031
'120 -126 !OSQ

34 -020 -256
i1p7 -010 057

17 5 -069 -081
1010 -070 1-063
-,P7 5 -002 -099s:;
017 152 075

-077 .153 025

-032. -028 '465 -09.5.jap.
014' 0.22 -02611P
147 -002 160 083
403 106' .1.32 0,46
065. -089' 108 011
040 168 016 -116

. 074 TIT -23() -074
13) -047 1243 -064-

-0-03:- -027' -059 -1,48
-022 09.9 044., 044

f
if-043 owr 040* 140 101,9

088 "042
-129 043
-1.2=1., 016

55 :167 -028. 051 -06Z 048 031
0-2T 011 042, ;074 -114 -054

.(16112 4.094' 039 -047 086 -076 037'

.+ ti
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Items 26' 2.7

26
27 00 -1

28 147 1 o2,
, 29 -073 001 -139

0 41191..,2 '. 14.1

-008. %?021
. 32 . -124, -01'5

33 -002.* -063
34 -031 -068
35 4

' .

TABLE HI , (Conued)
Ito

Intercorrelationi of Gain Score.s aMong Items,; /

28 29 30 31 32 33 34 35 :36

108 ' 066
36 342. -006

-37 117
"- 38 -159

39' 176
-716

41
42
43
44
45.
46
47
48,
49,
50

51
52

53
54

-040 40

122 20 r ;177
052 ,192 . 214

099i4", 084 128
-033 238 -001, Lri)
-095 -021

128 '007
022 -035 079
085 -002 -071
040 003 ft-085'
064 028 -1 el -087 046

003 -037 -097 -044 -033 0b8
038. '40,16. -049 -014 -098 ''059'

0.74 -075 102 029 -019 -031
-10 -028. .-00.1 .-005 -004 081 )000,
-06 066 -105 033 0148 025 084

078 ;01.7 -0710 14 -0V9 Q51 1Q4
030 or35' 069 -108,' 229 143 152 '

- 049 034 015 -19 190 082 104
103 -074 066 - 11', triT 092 -118
528 071 -,-=-07,1 142 162 - 187 094

-020 053
01`3

''.-005 -047
:-)643 030

156
180

- 15r3t
1-029
- 021

142
011
06,3

-4.01 031 -1.51 068 072 --03:$ 093 '

z-v 01, 032 -117 ; 154 101 "19,0 209
-160 05 -128w 115 1-025 0TG'-'018
171 11 -215' 010. 098 -0'36* i72

.

,

112
151 -046
061 -061 00_1
172 -061 132 G 14'0

CM* -042 036 417
-19.1 -061 081 104
-154.. 028 '061 -077

,

W052 -094' 063-'.
002 -0t6 126

068 -074-
`001 1L._ -032
'027 .063
053 7020.11'006

-055 -041 *-059
-092' -020

0
-1100,

-1038 -10.3
041 230 04

7 151%

068,

017
I

077 (f 07
286 -013
194 134

"-OM% 0-72

11.

a

et,

37 38- 39 40.

t

").

-073
-005 -169
-059 124 082

013 -'010 082 4'46 120
157 04'5 -02r 070 " 015
036 097 --066. 009. 231

-018 045, 052--1.02 025
-138 07 L 066 -055 032
.125 ''048 .209 -146 -034

151 -013 (T3-6- b68 143
017 -153 -033 093
003.. 065 -051. ,-013
045 152 0'05 ,-Q15

055
'-089

140.

040 -063 *-212 ;246 021
-104 .1088 lig '098'
-106 !030 04x2 , D81

012 )028' 06t .?$648.,-127

N

4
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Items

.26
27
28
29
30

31
32
33
34
35
36
37
38'
39
40

TABLE I1,1 ( Continue't1)

Intercorrelations of Crain-,Scores Orion' Items.
a t

3

41 42 43 44 45 < 46 47 4-8, 49. 50 51 52 53 54
r -

41
42. 071
43
44
45
46.
47
48
49
50

51
52
53
54

076, '277,
102.9 , 178 146 `.

1;7 010 266
050 00;' 027 (194

--081, 1b4 , 0$2 08-4 203 .220
1113 ,,.013 -0;8 093 5 185
-060' -064, -021 047 024 104
-001 -066 145 106 003 056.

.... ,

134 -08b, -014 01,5 07-k -090
2 -129 , 049 093 092 -060

, -022' -052. -053 034 -07 i -12q
08,,8:, -'0240' 003' -010 -0;8 110;

555
,

100 13-1
171 064
021 159
046 (T60

-177 -1,1'8
-,120 -09.3

...

z

5123

0'31

'

192

,

12S l.203 , t, .306
'087 147 127

-051 206 '0. 164

4



6,

Items 1 2

ti

-TABLE IV
44E

Intercorrelationte-s of Teacher,Ratings of Items*

3 5 6

a

8 . , 9 10. 11 1.2

1

2 304
3 110
4 -100

- 5 , 2-40
078'

7 093
8 080
9 -CTFT

10 -015

357
333
402
151
454
373
2-3-5--
193

11 295 499
12 223 391
13 -06.8 290'
14 -T67 198
15 ZIT 215,,
16 320 303

ge; 17 093 284
196

19 .2-(74-.' 345
20 316 284'

21 184
22 306 '314
23 265 373
24 253 358",
25 -350 119:

r

Decimal points 4re omitted,
Underlined corrFlation are

689
373.

5-32
606
342
278

413 4.
206 421
562 523 190
617 474 260
347 213. Q.33
354 276' 10.,28

A

402 394 454 171
189, 345 Nit 70-73Z
238 314 1377.X175
478 37i___,1109 0107

272 313.:3..7a . 212
161 288 301 r72'
-1-67 AO, 081- '-125
'197' 342 0321 -)13
190 .223 310 263.

172 .0a64 224

0 b 2 241 129 .163 11,4
243. 195, 106' 12/, 190
253 233 344 269 297
51.6 . 4'93, 627 664 5,(34

125 146 186,_ i410.. 128

730
513 399
441' .307

624
2'89
418
Z73
342
342
429
3:46
3b3
.21:4

.0 j

543
319
386
399
408
327
334
302 fo,
291
174

107
225 .

234
'52

nun-sig?ifterntly different

'750

525 .390 4

331 38,(- .536
'478 441 ,481 603
418 473 '3127 593
231 264 31,,?, 305

-414 '424 4'49 541
.540 589 !360 428
519 598 28(4 494
359 297( .389 424.

249 364

220 -164 152 342
04, Z27 },Tr? 654
.349 2'60 '40, 323
306 319 . 524 377

.q)39 .081 160 130

'frorn.zero at the 5',/o level.

fri



TABLE IV (Continued)

Intercorfel tions'of Te'acher Ratin0 of Items
. .

Items. 1'3 14

1

3

5

7

9
10

11
12
13
14
15 .
16

'17
18
19
20!

21
22
23
2i4 .

25

a

745
317 301
373 428 543
623 539 267 331
622 585 31; ,344.
24g 334 405 531
Z44., 351 435.

587

132, 176 287, 410.9
249 259 229 414
18'8 21& 3'e5 398

Z56-1. 454 ,,,444,193
168 212

.3`

. 17 18

4

,.233
.,4228

103

.15u.

.

19 20 21

11,

374'
'334 76

230 597
345 610
312 600
11318 . 331

-077, 296

,1

44

,

22 23 24 25

+4,

.682
577. f67
619
293
313

4

ti

469 548 . .
136 237 433 te
417 146 4...381 301

VI



TABLE IV (Continued)
InterCoriselations of Te

Items 1 p 2 3

-26 327 2.95 187
'27 356 226.--' 2776
28 346 177- 208
29
30

403
32.4

309 368
347 39-8

31 237 425 443
32 194 291. 270
33 234. 348 376°
34 411 380 tk436
35. 451 393 281
36 362 393 291
37 437 480 ,314
38 201 410 331
39 330 483 250
40 376 554 308

251 492 :463
42 '222 496 400 ;
43 ,. 227 435 318
44 , -32-49 387 269.
45. 179 434 214
46 4,55 .32.2 161
47-- 163 368 295
4zi 276 27.5' 216
49 303 248 242
'50 358' 218 453

51. 299 595 482
52 287 519 453
53; 102 250 275
54 218 394 283

crier Ratin s of Items

5 6

260 54a ' .128
357 46S
330 391 282

'479 509 249
432 520 249

540 601 232
307 387 090
540 509 188
518 /392 247

.251 503 1208
320 527' 184
310 501, 12,4
371
27,3
385

S8f
3115
34.5-
223

TET.
509 ,204
615' 262

628 070
676 '141
693.' 348
559-- 339
547 t 251
452'' 265'

2.41 ' 386 237
211 395 378
32.2. 37o 368'
3 5 380 342

54'4 658 278
,5d5 600' 346
2 3 204 440-
3 6 411 . 3-63

8

w .

#10 11 12

,.'397 345 172 63 412 290
366 444 -1-1.3.6 128 405 238
260 268 05 69 -024 '329 189.

438 466 131 192 494 290
449 '452 -314-. 314 503 341

, I

569 638, 2416 249 555 313
374 397 09' 325 408 343
425 52i "1222, 280 437 298
475 502 359 340 307
391 391 292 147

40440,
581 29,5'

409. 461 3-06 T' 6 4 322
483 381 344 205 325
,513 ,420 .40 218 578 389
531 395 329 240 504 300

.'527 407, 359 , .287 568 419

'562 490 339 472 582 285
599 7521 407 316 547 328,
--;71 .537 .294 321 497 37.5
511 4.3.9 209 ..247 473\
430 390 162 157 440 318
2.76 275 404 296

---
205 153

408 302 435 389 450 293
320, 181 230 1#2 394 174
161 242 1'30 n71 221 235
222 4.301,, 133 k()7 326- .-'13(1,

695 598 319. 316 643 42-9
621 . 543 331 30'0 568 352
253 393 '366 204 317. 369
489 414 335 307 482 299



0
TABLE IY (Continued)

Intercorrelation's of Teacher Ratings of Item"

Items 13 14 .15

2E1, 204 159 418
27 125 231 451
28 -52-6 025 269
29 4q1223 255
30 198 263 467

t
. 31 288 282 436

324 323 353
33' ,309 331 416

434 448 497 366
35 196 158 227
3"6 2 4 TITS 251
3"7- 118 128 239
38 233 -221 287
39 273 183 432
40" 305 266 407

-41 298yw 164. 354
4,2: 3(:)00 .195 425
43 233 190 390
44 155' 137 ,319,,
45, 210 'T=1-6'' 381
.46 146, - 105 308.
47, 241 187 097'
48' 038 C72ti 1-47

49, 77 173 348
50) 035 '180 291

511., 333 279
52:' , 74 262- 353
5314
54f.'!'

220
12

316
.160

232
198

.1

16 17_ 18

- 11.

.*
321 _182 .125
379 209' 101
323 -048, -561-)
423 182 193

,483 282 .223

357 242
505 280
371 294
454 380
335 122
294 179.
342 228 lit 113
435 270 IT!
310 222 101
459. 330 222

144 280
T 33

168
202

. 218
374
014
072

295
386
364,
292
43.t.
391
272
181
279

.202

445
431
318

"234

368
326
324
360
414

248
314
243
447
355
336
3,p8
539'
364
484

261
251
203 144 3

115 044 3
195 132 ,422*.
149 085 43;
222 T-67 - 454

029 426
0214.,.. 266
022 Z34

288 34'
283 371
329 491

.398'

052
Q18

'043

8

132

188
. 241

328
130

15.

14.-
20 21 2 '23 24

268 2Z0 77 327 441 -270'
356 24g. M .355 418 290 ,

401 410 179 342 '_ 4Q-1 412
365 219 197 337 590 284
405, 322 247 488 543 349

179 038 053 312 600 141
303 148 1-0-6 370 456 M
212 124 155 327 539 130
384 267 M 283 389 078
282 -205 135 316 , 425 -37-6
263 169 TI 31.9 - 456 304
290 274 11'92 349 414 285
434 416 ;2,193 443 470 292
432 395 1932, 366, 450,
417 .300 1311r 457 5`76;;,:223

167 042 (087 3012. 45'4i 108
, 088 T-5-6. 360 57-3 104-

269 2775 327 573 179-
. 244 =189 176 268 453, X373

308 222 T6T 364_ - 403 .280.
351 :256 -; 194 308 42'5, 386
288 210. 1 241 311 456, 278
348 256 I, 259 375 401 420.
380 337 247 26.5 i 7'4 42,8.
360 .307 , 183 353 310,1 421.

292 162 1 211 .341 .65031,`219
294 78* 88 3e8 589 ; '209
406 517. 4'53. '386' 2001. i202
262 '262 302 .296 . 471: , 313

f



it-erns. 26

26
27,
28

30

563
423

. 572
.610

31 1,'510
32 431

gp 33 468..
34 ,3323 579
36 532.
37__ 550
38 .460

ca 39 -444
.40 J "524

41 514
42 476
43 470
4.4..v 505* 4444'

0
'.

46
47
48.
49
50

51
52"

tz

'

375
353
347

,.,244
*267

490
41 9

7

53 zia
54 . 325

TA131. IV (Continued)
Ititer.correlations of Teacher Ratifigs of Items

27

590 . 399
48; 367
3'98 . 345
441 288

.552 '_517
306 -468
5.11, 423,

.385 526
452 419
373 411

47,3
'5,31

466
472
495
413
276
291
399
442

523

. 314
273
323

437

623 491 712

28 29 30

339
317
278
305

713
510
681
554
476
483
431
409

_.448
527

593
546
147
41.0

616
59.0
586°
482
503
480
479

'492
480

/1534

'581
561
39g-
3E(

"302
495
464 490
41'3 403.

373 429
.307

3-60
350
432

4

303 531
291 356
400
396

477 490288
331
276
362 421

4,..4.

339 443
482 536

N,

64/fi
79

'51.5
376
553
453
439
517

554
574 '9
370
486e.
468

'

288
31;

368

692 a.

585
489 ,

453

32 33 14

5,67
6

318
3'13
486
371
38b
526

I

673
401
498
470
388
412
522

403 5.14' 393
'466 536 423
-393 314
313. -380
424110 418
31,5 30
407 337, 32'5
21,1 28b 213
2 1,7-;''370 ti 194
353 377 .369

343
421 888
362 789
480 -1;03

340' 51 I'
454 622

648
613

422 ;22
516 616
359' 578
277 311

32'2
473
267
'328

466, 675 552
430 .592 616
230 182- 400
2.9'i 423 434.

35 36 37 38 39 40

1613
534
323
398

755'
530
:32'6

626

626
556
308
433

606
532
309
522

651 646 381
631 616 498
569 - 52, 48
593 359 324
562 568 39.8
513 518 317
304 487 500
430 430 442
3'10 356, 262
495-- 413 '384

53b
594 520
b36 '530 713

.542 b04
686

652 637
569 562.
444' 542
427 506
467: '360
434 482
376, 328
4b7 332

494 61-1', 1(389

532 343' 659
571: 202' ;314
543 39' /457
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TABLE IV (Continued)
Intercorreons of'Teache Ratings of Itenv

Items 41' 42 -434 44 45 46- 47 -, 48 49 50 ---,., 51 52 , 53 -54

26 . -,

27 ..-
-.., i.,.

"728
29
30

32
33
A -

3g .....

36 4
37
38 . ,

39 .
46 I. .

i
41 e

,-..

42
43
44._
45
46
'47
4a:
49 -

5p

51 ,.
52
53,
54

1/4.

'
,

889
.620
627
'612

: 44:
437
334
24-3
381

686
575
213
397

674
653
639
459
494
336
25?
36

698
659
28
449-

1.

'769
614
490
4o4
409
399
428

700
697)
299'
401

61
552
504
47 .')
375
361i

5q22
;8.4
302 ,
47

1

4

t):")

410
377
378

4321i
638
o52
18.1

283
.;

=,31

486
;CA
330

513
436
262
285

-,.

791
4.1;
371.

4

-516
5I6

. 365
501

-; s2

400

463
.463
235
388

.

.

.

497

3896;
283
380

'471,
530

: 349
:""327
;

867
261
47 5,

f t

356
520

,

461
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N

I, Name7,'
I

Male Female

2. Circle the numeral corresponding to the ,chapters in the new UICSM
Course 1 text that your most advanced class is now studying:

1, 2, 3', 4, 5, 6, 7: 8. A, 10,

3. , How many years have you taught'mathematics?_ years since.

4. How many years have you taught UICSM Units I and II (previously)?
years'.

When did you last teach these units,? -Sp ring

5. Have you taught other UICSM units? Yes NcT
If Yes,, what units have you taught

, ,
6. Have you taught any subject other than mathematics? Yes 'No

If Yes, what subjects have:you taught?

7. How many courses hae you taken iflowhich you sttdied tne contents-ofthe
UICSM curriculum?

8 .Did,you attend any summer institutes bn' the UICSMcurriculurri?
Yes No . If Yes, in what .year(s) did you attend'?

-9. Rank the following phrases,accorriing to how closely they seer to des vibe
the abilities you stress in feac hing UICSNI. Course 1, Mark '1' for th
most important aknlity, `2';for the next and so on to the, least important'

Pleaie do not ornd, any items and do ndt give a tied-rank..

Skill ink nurAerical clmputation

Skill in symbolic manipulation

Remembering mathelmaticai principles

Uncle r'standing maths naticat < oncepts.

DiscOvering mathematical relationships

Deductive reasoning

Generalizing from cone -rate objects to abstract ideas

A ppls rigmathetTorical skills to rea l life problerng'
.

44 ,

1 ( 40
s

:



2

$
, ..

,
---1-0-.- To' help us get an overall picture of how teachers would like to have tests.

constructed, please mark each of the following scale's. Mark each scalt
to indicate the proportion of items of the two kinds indicated that you would
like to see included ,n1 Course -1 tests for grading purpose.

. . "TN
.=..1For example-,m'ark t4 first scale to

,
indicate what percentage of relatively

easy items. as compared v,ith relatively difficult items, 41,u would like to
lia.ve included. Ma-r1c, the scc-ond-s-c-ale- to indic-ate4w-hat percentage of
multiple-choice items, as cornea red vith completion rtes , you would lilte
to have. Mark eatth scale witlii,u 'x' as shown in the-sample bcloNk.44 I "(

r (Sample) arithmetic

(a)

(b),

re Mt \ el%
easy

rnultipPe-
Choke

verbal

(d) man% A..ords

06'0

I

0% S0-%

algebraic
10 O°%

itsc-

I w'--rtilati% el y
100% difficult

101
completion

100%

(P-'1 100%

1 lop ' 1

(Ia.° I 1 -) 0g;, , 1 0 0%

.,-- -. ---,-- ' ---r--I
1 .- f 1 ' '' 10 0%

II

(1) st rattCta:
to rd O'';,

ta.rn 1 I la r4

(h) ba SIC

conrete

ont put a t,1 o ria I

reasoning
f ti

includtp, e;

(m) teacher

J
fir

4

(lir

non-xe rbal
10

it' \\ V.,0 rd S

to

tri( kv

t
unfamill

I
applied-

1 ()Oro

al,st rat t
100% it

construe ted 0% , ro

0/1( pitik

recall
.1

der`itt( t1% e

1.1105N1 project
const ructed



c.

. 40
4

to 3 3, / .; '
/

t3,

o

4
: . 6 ill

i 1. Using e scales below, ;ate all, t items of enclose I .

. , ,, -
- . 'the

40,..

Indicate , *ur iftting for itet,u 13,, .placig-an'x" in one of.tlie 10 boxes
of the scale corresponding. to the. it,etn. Mark the*boxon each scalg,which
indicates hOw good thell,em y.,'onla.be, ini4r.fs.opinion, fo'r inclus'ion in.t.a.
test to b. ive.n at the".oild of the first three 'chapters Of the new ,UICVVI ,,

.6

4
,

e

ttot for rse (le,
It.VS ,

61 Every item exce"e.pt.,Np.:5 and No. t,has four, sub-it'ems You should
ignore differences blemee,n the sub-items of a giiieil item a3r41 rate etch

' 11-6item as a whole,.
.4 6 ..

4,41

Pl.pa"se, do not omit anx itt!-ns
° rating do so in:Abe space

40_

. Item No-. ,
,y 0 1 2.,, i 4

t

Ai
..,:. - . - .. -e e '

1 24 orthless' infer
-

io'r 9,- g
.
osd-

MP

O

p

0*

can describe the reasons Tor yoir
ed at the- right ofthe..,rating

4

.4'

-

7

1;1

supe nor

.

Rttaso. its 1112r-

'perfect'
44.

- - 0 I 3, .1
,-

- r---- t , ,,
.14 r3/ 1- .

vt 4 4

. . 8 q
i. >4.1 gi. ['1 F.- 1 1L-7_3 %Eli rfil Et si 1

i i
I '4. ' ..

I,4.

0 -. 1 2 s
f. 3.6 1 t, 1

V-
,

.1

s

.7

8..

43

0 ".

-r

wortFites liferwr
- ,

o

O. I 1, ,*

1:71 1=7,' E

Cri

supertor,

'41

.4

44%

1
.

r .{ 11

4. .)
,

8 9

1

pe riec

-3t r1 5 f, 7

r

.



C

6.

ti

11,

.
-7

-*rite No.

9.
0 1

1;1

)

.$
4.4.111010

5

i v worthless
. \......-. .

. .4 .
.

A -uoya4 1' 4

Infe r;o

10.
.1=P

good superior.
. ,

.1

2 3

4

perfect

°`.5 6 7 8 ,9

04 1;3 ci
5 -6 7 .. 8 9

ITi:

4

Reasons

a, -

. *174.

15,

. 17.

18 .

19.

3`'" 4 6 7 8

Ot

3 4 5 6 7 8

' I;)

44it, '7 8

"i 1 1 E;i
good svperldr

.32 3 4 ,

17--r 1 1

Z 41/11

IT) YP

20.

4

worthless Infe'rior;

7 8

Ej

4 45 6 7, . 8

I

f

S

a
, r

4 7

-)J
C C.



4

O

,

item No.

.L1.
. A

*IA

, 2`'

,

o-

it'ffe nor superior .
0

perfect

6 8 9

x.4.4 9],
6 7 8

tEP ET:1"

8

8

41

0

. 4

SIV.,t e rail, rairg- (,1-icm tl,oeyil 1).. -Ft ,;,t 1 '1 4-.

, 0, '' 1 2 -, 8
---..

-)

4 4.1 16.
t I [ 1 p. [;:). i-i

. .... A ey I'

. worthi.ess Inferior .";.,?) )(1 stipeflor perfect
0 i ,,

I * it.List trc rt irons -(n ,),.., ) i ,:- ..._ .. .
.

. ,. ..

,'-- - , a- Ai

I I

Reason

I

vr

L/

a

.../*
4

44

44



12. Using the scal
'---Iridicate your,

of-the scale c
indicates how
test to be give
course one.

if -4'
411

.

. .'
. ..

1 s t1..

es below, rate all of the items of the enclosed 'rest II.
jating for each,ltegiby pla.ci-ng 'x'' in one 'of t§ip boxes
=responding Ito'the itorn. , Mack the box.on each dcale.b.i.r...V
good the item.wbUld.r et in your opinion,"for inclusioin in a
n at the eni'df 11 ISte'r 4 and 5 of the newUIC$1%.4 tent for

Every item except
ence between' the

Please, do not orn
rating briefly, do

Item No

I.
1

. 4N

No. 29 has four sub-items. Nod should ignore differ-.
sub - items ,of a givenAhr-ja and rate each item'as awhole.

4 " 7

o.it any items. If .you can de'scrib he reasons for yOur
so in the space provided. at the h the rating.scale.,

c]
7'

ED c

2# ../\
tZeascoirto

worthless .,inferior
:

4 .

gwod superior

3

4.

worthless

1

-4-'

irit &ricer gOtid Asti pe

7

o i'v. 4 -.. 3
4

4 5'

1- 4 \
I i1` .4._

i , ,.
0 2 .2 4

,

1 L-. 1 1'1

- .

.1 I ;4' *Hi r.1

t3

perfect1(.0

a -

S

. s.
,



,

olw- - e
; . ft.

9:

o.
,

2 3

0
worthless inferior gpod

ra

0
$,

4:3: 4 ,5'

7 8

ct,a

perfectsuperior..

7, 8 .

.

Reasons

1 . Z'` 3 _.' 4. 5, ., 8 -

1:1'' CP "' Pig- ,..
2 :3 4 5. 6 7 ii

P .7 [;1 P 1;1.i. - . oli

11.

4' 5 e ''7
1.

. x`4'4
,

A. '5 ' 6 7. '8
y 4 q I;]

. . J,:( y .

- 0. 1, 2 -- , 5 /7, 8 ' '9
, 3.6 147. 1;1I/
. At

..... wol-thl-ess -infe-?i

14.

r 16'.

,P tg. >

stipe,rt or perfect t

7 8

1;1

-7, 8

sE;" >.

7 8.

p. 7' g

P
7 8

1;1

.1 4 N45 't 19.

\'..
1.

20.



V

t.

Aa'

4*

.

4

,

,Item .
1. 3 4 . rr

-w22.

4 P (=FP
worthless ifffeflov-, good r. superior'

, ...,
,.* .

8 9

E7T3. >

perfect

3 4 =3 , 7 -'8

ci. , r(1- ..171' , .,

4. . . 4

4 5 6 7 8 9

P 4 -4 y>
i

8

Reasons

27,

29.

worthless inferior t. good . superiOr .

7 .8

C;] 1;1 E;le >

.perfect, `,

3 7 8

4 s' f, 7." 8

'Overall rating How".0o.od is Test IV)) I

8

I'
3) 1.1 '4 7 . 8 9

fl [..]I 4 [
rworthless inferior ;rood superior r ,perfect'

Itz

4

4

(cont.rnued))

.

S

'

6



.List the reasons for your overall 'rating.,

sr,

t

Ns'

13. 0 If<you have a c otter or-tin-lents or suLlgestions about'these tests,Nplease
writesithern oi;;.%
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in g 1 e quotes, '. ', are used tok set off a written or printed symbol (word,
num eral, or other expression) about the symbol itself iiistead of the, thing
it represents. $ -

(Example's) Ada is taller than Penelope but 'Ada' is shorter than
Penelope'.
'3' is asyrnbol that represents or names the number 3.
It makes no sense to say that .0001 is larger than 3.
But 0001' does take up ,rnore space than '3'.

Circle the letter indicating the sentence 'which makes the most sense.
.,

- A B C , D (a) A. 'Mary is a part of Maryland.
.11111,

B. Joh.t' haRanetter. John has four letters.
C. I have trouble with my pen when I make a 3.

)
D. He erased the '5' and put a '4' in its-place.

SEPt
A B C D (b A. 6 The calenaer has the number b on it.

B. ' 1 1 + 3 ' is NOTthe same as '2 X 7'.
32C. The number T-6 has a numerator, a fraction-bar,

and a denominator.

A D

D. There is a 'five' on the slate.

(c) A. '4' is an even number.
B. '4' is a numeral foi 4.

4 iS not.a. number.
(D. 4 is a numeral for '4'.

A B"\ C D (d). A. 2 + 2 is the sum of '3' and '1'.
.

B. '2 + 2'' is the sum of 3 and 1.
d. 2 + 2 is a name for '2 + 2'.
D. '2,-+ 2' is a.name for 3 + 1.

I,



."o

3

2. Let us agree that the number *2 measures a 2-milo8 -to-the -east trip.
Then -2 measure's a 2.fmile trip in the'opposite direction. -Fill in the
blanks to make the statements true.

G F M ri71 ;141 1cl 511 1

(Example) A trip from D to, E is measured by

(a) A trip from I to B is measured by

b) A 'trip frot E. to C is measured by
-

(c) A trip from A xo F is Measured by

. (d) 'trip from L to H i's measured by

3

'East

.

2

/-

" .
4.-

411.2
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3. Fill in the blanks td make true sentences...

(SarnplI)- +3+ =

(a) -2:7 =
:

(b) 44.3 +'5. 9 =

(c) +1,+ 1-=

+ =

s

J

3 -0

.4. Fill in the bl4nks to make true sentences.

(Sample) 4"8'+ = o

"3. 2 +-* = '3. 8
--)F1(b)

(c) +'11,= - + 11)

(d) + = 3)

lay

t

.0

a



..,

0
. 3 +5 410 +15

.. ,' b .

that a trip, on a number line from point A; to point B. is measured
. 4 .

by +6, and
.
a,trip from point B to point C is measured by ;10. If iheFloini

. .
A is +7, what real number is point ,C? Circle the correct answer..

,

I

s

(A). +13 (B) .+4 IC) ,*3' '(D) -3' -(E)' 74

/
4.

hi

C

1.

-6
1!

+2 +6 +8

4 $
t '

; e ..

A cyclist and a hike r, both. start moving at the same time acrd in the positive' N V

. a _

,--1 direction. The -cycliSt starts at A and Ow hiker starts at B. On the
-

-.... .
number ire a.olle,, which can be used to represent le 'Movements of the,
cyclist and ike,y, point A is located at -6; and poini B at +Z. The ty-clist

-.,

passes the hiker at -C1+6), continues in tne.positive direction .untikhe
. .

.reaches a te,rtain point E (notshown) at which. time he des to return,. .
eg--,- 0.

`to A. As he' returns, he passes the hiker at 13(+8).- If both traveLers axe f/ . .,
moving` at steady rates,, what is the location of the point E. at which the . .. '

et
cyclisfturnddr Circle the correct answer.'

e f
(4) -+9.1 (11) ,*10 (C) "11 (

,

, 12)' * (E) :134,
1

4

a

I
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0

.4

)

3

7. Fill in the blanks'to make:tinrie entenCess.-N

(Sample) +5 X r7z +ZO

(a) '3 X' = +18

(b) X -7=

(0, +3 X -11*.

(a) = 0

A

lQ

I

e

5

I

8- Fill in the blanks to Make true sentences.

(Sample) X +4

t(a) "100 x.
c

-4, ..(15)," -5X =1 ,=

(+21: -3) X 4 =

(d) (.+2 X.-5)' =
ti

4

V

.I



0
o

ri4replete each line,by'ihe'exprekions given, to show the conven on .l
..

;...ro
Ciider of performing the operations.,. i

(Eicapie) .34.5 x 2---- .3. + ( 6"-X -2? )
. t . ..:

.. '-'(4) 2 t'a;4' 3 =
...

1 (b) 2 X '4'7 3 %
-

.:., 4
. _ I

1 6N 8 + 2, %Ass r
.

(d) =

v.

.40

'36.7

, . .

o

10. Fill in a blaYiks to make strus n'tences.

Eia;npl) - 2-X 5 1(.8' = ,

, . .
. ,,_ P

-i- A4*
. . ' .

si
' 6 l'

i ,. (a) 3 6 - Z X 5 .4- 2 =' .' .

`(b)' + b) - 8 4, 2

c.) 7>C''(!3 +4 4. 2) = .

(d) 31,(8 -le 4 X12)..= t.

I

1

af r a I
- . . i.

& l
2.

*

a

- 1

IA

. 51
A
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01,

Fill in the blanks to make true sentences.

(a) 19 + = 72 + 19

(b) i6,1-$ 3) + 2 =-..6.+ ( 2)

-Ir. (C) 2 X 7s+ . X -t$ (2 t 3) X*7

(a): + 81 ( + 8) X 4
,

O

.

"11

10.

A.

4

I
I.t .

.
p 'At 1

.-

12. Here are five principles for real numbers:

(A) principle for addition (CP4)
P

> f.
( B ) C mmutative ,principle ,for Multiplica4on (CPM) .4 _

C) A sociative principle fGr addition (APA).
(D) Associative Principle for multiplication (APM)
(E) Distributive fo'inultipliation over addition (DP14,

leach of the following sentences is an instance of one of the principles,
.iisAd above. Circle the correct letter to indicate the principle which is

.
used..

B E (a). (9.837 + 4. 652) X4/10,58
.

.

. = 19.8.37 X 317. 589') + 652 X 317, 589)

B E (b) 4 ) * ( 6 1 1 7 ) = (1 + -4)X 6 X --17

A B, C '(c) '17 +(-12 + -9) -7. (:12 ,79)+ +17

7 1 1 5 Cl 5. 7 1
B G D E (d) 3) X (T + ) (2 -1-71) X (71

r tj

A



1

9

9

13
, ..

OP

Fill in the blanks to make true sentences.

4- I

(a)

(b)

(C)

(Sample),

+1,2 =

-142 - +13 =

12 - -10 =

'712 - -10

+6 --'1.261-- '.
dig

'4!

14. 'Fill in the blanks to trAke true sentences.

;.A .. (a)

(b)
_ .

ccl

-+Z +1,, -
.)

3 -f
4

j9..6

, -. 4
o --,----
7-- = .

V'

- +l1.3 =

(4) 417.1 1°9.3 F

4

:
()

fCt

Mx,

T./
- ,

,

o ,

I

9,

8

4

r fr

I
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15; The opposite of +4 -4 and,, the opposite of -4- is T operation of
'

. .
oppositing is written by a minus' sign 'Thus,

.; --4 = and = --4 ='' +4

44.:f"

Circle 'T' for 'True', for Fp.lse!, or V for 'Don't know'
`Can't tell' ft:a. each,o2 theiiSklowing,sentenceS:

T ,

T

T F

,g

F ? (c), (3 + -5 *13
,

= -3

ib) 2
,

? (44'5 X -3). = -15 X *3
,

16. Circle the

'.

e

t A

letter. of the 'eNpression Which is mostappropria for filling in

O

A.

the blank. . .

A B. C D 4 (a) The sum. io'fkptsitiVe 7.s.nd native 3 is

A
a

B

.*(A) (B)- "7 - 3 . -:3'. kb.) + -3.
,- ,

C D (4)) `'he difference of negative 5 frOm negiVe, 3 is

o ,

's.

sg:' '(A)
.t.

..."4+ '5 (B): -3 - -5. (C) 3 .- 5 (D) -,3 5
.. , ,, . . . .

.
. / . ,

A - B . °* 'D. (a) The sl.up of negative 5 and .the opposite of negative 7

r
.
r AJ ". .

' ,r,

.
,

f i

a i 8 ----'
V . V

.

( A) 45 44i' .--7,
k

A B C, D ; (d) The difference
is ,, ' 1

`i(A).+9 -.74. (B) 9 -: 4 ,4('C) 9 ..-,+:4. (1 e,r9 -- L4
. ..- ...,

g

r'N

*

OBI. -5 + -7 (.C) - -7. (t) - -7
. .

of the opposite -Of negative 4 froth 9
.

,) - :
' "ts

A

A

4

,
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41.

4 -0 '
-I

;

17: i Fill in thd blanks" togiale true sentences.

t.: (Sample) : +1.5 = "tr 0

(a) + =

ibY :12 +4 =

(c) =;2

.

0 , 4
.

, 18. Fill in the blariAto,rnakd,true iienten'des.
, r

(Sample) '6 + '2 =` ../ -

,`.. i '

tt +1 3 .=

*(b) :÷,4. =

(c) s -6"
,4*7- z

9.(d)

,

4r

\
.00

.

o.
4.4

4

.

,4
.1

40*

10

7

5

4

at
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'I,- :
- 6- , ,,,419. Circle 'T'--for ' True, 'F. fox: 'False',, Or.' ?' for 'Don'titC;riow' or,,.. -

el

'' Can't tell' for eact of the follawing. sentence's., ('<' nears 'fs.less,than''.
-

.

.
And means greater thin'. ) .

(Examples) F ?I *8 <

1.5. *10

(a) < .

T ? (b) -3

T F ? (c) .1)1 > :001
4
T F (d) - 1 >

-4 7

ty
,

.

4

1r.
v:.

-20. WItcifrch of the following.-is true for each p0r of numbers,
.. *

r . .

.-... (A.) The first member of the pair is-\greVer than the second,,

(B)./ The second m.ornber of Oe'pe.ir is greater than the firk-t

.,
-

-...- 4. ovior
r 0

x jci:iro' (C) Bot, embelrs are the .same.
)

4'

v.a . . v

(D) We et ten whether One, is greaferlian or equal to the-6t,her.
*.- -- . ,

(Example) ,c-A-).' 1 4 . R. r' (3,..z)

r . -1.-
*1 1A. , B. C. D (a)* (---, ) , -

, *

... , , 3 7 ...

s

0

4

31-

t

A B a. D .(b$ (
, 1

.
.0
,.10; .

A: B. ta'' D (.05,1005)
41-

gar .3
A , C rD (d). 1

f

"

1

44 I
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;1112

5

.. r .1' --

-21.

. .

- ..4 7 .

.

'TA I 4:3 ', 4714.... ', arid other numeraig.iised:in the .sentept-es .shown below ,are'
. ,.,

from the planet Gldx. We know that each numeral n es q number, bilt we:
. ;

ii. ..,

..-1 don't know which ninnber corresponds to. any partic nurnsil1.. (The
, , -

, .si.,-ns ' >', ,`<.', etc., have their
e,

usual Earth meanings. ) .
...

, ..
.1.A . .

,,

'.1 le 'Is" for 'True!, ' F for ` False y; or !?c-for !Don't k.how' or
, - ,

'Can't tell' .for each of the following sentences.
: .--,

;T* `IF ? (a). If i 11:3 > 4.c.. ',.,i is true, '. CP '4,4 . i- s.' .
.. 1 ; . , a .

T f ? ' (b) If -4)-,< v ' is true, ' -i(p-- > kz- ' is
. .

. .T . F ? (c) If '..--K7 ? id- ',is tre.fe, 'h-B-: is
. e, .-

v T F ? (0) If '1-* istru is

I

-4 - '
5

-:i s t I
tf -../

I
$ 22. _The,tabsOlute value Or +2 is written 14, and d tle absolute, value'of -Z is .--

, s
' ve

.written 1-21,, 1 ri

i

- .i .e.

s. I e 2 I = 2 and 172..r.,_-= 2

-.....", ..e

iLl3in'the blanks as the sample shbWs.
', - iweingem4 .I,

SamPIe) i Ir.3-1 ÷ 4+71 := .) 1- 7
. 0:

' ? , r IP ,7..1-'-...* : (a). 4-51 + 1+i21'.-. ,

(41P 2.-. ,-? .,

a

op) ft.51-. :. 1321 , I ._

(`'c). 1721 x hi -:' -
-.. , a

(d)' j+181 ÷1-61- .

,
J

.

G4 O

,

4

ar
.

, ,
'I
/

4

AOrli
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13

44
lee

23r In theospace at the right oreach list-the..two numbers which would

correctly.complete..the statement given.

(Saniple) 7 +'.1

4a.) 1-91 X 1 1 =- 36

(b') 1 1 - 1-41 = 5

+ -51 = 10

(4) I f- 5( = 10.

= 10 . 43

A
..

.

2 .., In eaCh--O-f the. following sentences .,cixt le-the letter of the -exp-res-sion Aie-11.- -------:
...- 4 ..

is most appropriate foie filling,:the blp.nk! lithe answers cannot be determined

or is not arnorig the.othe-r chbices "given,, circle D. .,

P

ti
r. '

0 a

.
(A) a positive-
(3) a' negative snurn

,(C) 0:
. *(D) annot tell'

. "

. A.

. .
-.IA. B C D . ,The Suin a negative nurriber and a zioepositi.yeu.

. ,...

- .
, ,- v.:

number is
..,-

..
1 `1-, ,'

A : B C D '-(b), The surnof.a negative' ninnbey'axid a positive 2 .. -. . o

t
' , .

'4 , 411

number is. . .
. . .. -, - . -, ,,r )( If .

A B ., C, , D . (c))The' sum .0 and a nonpoEiitive number Is , .
. J-

.. . ,,i. : '. .

:A;:: B C D (d) Suppose that two numbers are added together, and} a
4 s .

., thiid niiinlier is added to their sum., If the result is.,

. --.
..,

. to
ta14

1 il°
+82, at least one of, the three riuMbers is

t -
. R. ,.. .

, , . ,.,,, .4 , A-

.. v : , -:- .

,

.

A
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.

CircleIT' for 'True:, for 'False:, or ' ?, for 'Don't know'
.

'Can't tell' fox each of the following queetions..

Suppose that

r

and

44.* = 1r4 =+6, s*.

1-5 * .-2=-,T(5,+ .$ 2) =

3 * 4-'7) =

Is it also true' that:

.1"

. .

- ? (I))' (+1".*'.+4) * +2 .= .+1 -* (+4 * +2)
.

F ? (&) 6 1: *2 = *2 *. +6

T

T

? Sgt) f *

? (d) 0

,
.

.

,411,=)

4

Ai*

.0

.

or

4

.4.

4
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APPENDIX D

TEST II

.

A

e

IAdd Ls to each ,It.eni no.rnb r t.o tot at (yr zespondrng-

tern data in The preceding tables.),("It.

.4W

.4

111

t

1

r.

I

r

,

,
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-------

1. For each of the' following open sentences, put a ' i3' in each'
in. each `C) '. i

e
..

.4 ..
If, the resulting s,entence.is true, circle `T'.

.1
a. the re sultineisentence is -false, circle A F'.

I .
_ ., .., .

.4 the resulting gentence is neither true,ride-false, ..ci-rcle'N'.
.

Ta:

(Exarriple) (VF N
_

. T F N (a) -- (+2 5<
.._ .

T F N. ./ r2 t I 43

, I .
.

"r F N "tX
_

".
, -

-,..'t T F. N 4- (d) `4 X (42 +
PI i, -,, *

.. . . : . ' 1,, -;',

Ii -6
)

'3 x .-2 -77, -6) -

of

I C
) = +14)

2- ..

.. ' , .,

... ''.5.
/

t.:_ Here is- rt example ofv .tab le,
oe

f valuesTO.
th., e,eII 4ress1O'

n
.

'

'
*0

1 .*2i".1.- ''

r,.

s.

v.,

, t- ---1

4-
,.2 0

+.1
it 6

-*2t . :13* 14,3'4.

nl.fin the blanks.inithe table of values 'Ibelov:/..'
,

. . ..
AM

i
'2

.
-I

'6 .

. . `

P -3. .... PI . -6 *- 0.
---.

.

*. 2m + +3p
..

.

-

:

r'21'
.

.

-4I ,

.7

.

5

*".

.
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4. Complete each sentence' toinake i.t true,' writing...the.simplest expiesiion,
. .. .-1- ... .

4 .,you can in the. blank`.- , .4,.....
, . . .. . .

...

(Exam ple) .Zor each x,, the sum. of (x.+ ;41) .andli
. (+3x4+ +4) is 4-to,...X #--1-17.5-

&,.. :4. .

t

,.

.

4/.

3

I

11.

1(a) For e.ih x the product of +5 by -3x is

+
(b) Fa each x, the difference of +7 from (x 1-. 7) is

.

(c) For.eiiach x, for each y, (+3x +4Zy) exceeds ('5x - 6y) by

(d) For each x, for each y, for each z # 0, the quotient of .( +3xz - +3yi)
* by +3.z is .

Complete:each sentence to,make it true, waiting the simplest expression'
y ou can in the blank.

- .
t.(Example) ';;.,.-Foi each whole number of arithmetic, if one pencil

costs +2 cents, x pencias cost cents,

.... ..

(a) _Fox each whole. numbr of arithmetic, if one pencil costs +3 cents,-
....._ ..

,
(x 4- +ts5) 'pencils .cost - tents.,

.< . .

, - ,

(b) For e6.ch number It of arithmetic, if +3k...rrielons- ar-eto be distributed
A' ,

equality among +.5' *' ersons, then each person shoufd receive .

melons. '
P

(c) .-'or each nonzero number x*of arithmetic, a 'car traveling at a steady
rate of4+3x 'miles an hour v:/t11 travel +150iriileS' in 'hotirs.

I
4W

number, x o arithmetic, if there are +75 sheets oftipaper in
,

f
-

u(d) or each n
,a. pile +I inch thick there are. sheets of paper in ai .,pile *lx- inches thick.. .

;.191: -..
IS

. ,

4
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O

Simplify each of the following expressions:

. (Example) *2b + +3b ="

+5t F *8 -;2t 4 *8 =

/

(b) +Sp + (+2 - 47p) =

(c) +2(+7 - +3k) + +2k =

(d) (+3 - +2j) +;4(+2 j) =

r

4.

7 Circle the letter of the expression which,, if written in the blank, would give.
You a true sentence.

(Example) For each y; y +
(A), y *2 y (B) '2'. y y

(a) For each x, for each y, '4x '2y
41rw

fia *3y :(D) y y , y

(A) +6xy (13) /8'xy ,(C) '2y t- +4x (D) +8-F xy

sor

(b) ror, each x, (+3x 4- '7) - (.3x +7) =

.(A), *bx (B) 6x + *14 (C) O (D) 414

(c) For each 31r,(Y )(y +1) =

ikA) (B) yy "1 (C1, yy .2y *1 (D). yy "2y +.+1-
)

4

(d) Foryeach x, for each y, (x '2)(y +3) = -

(Ahxy - (B) xy - *3x - '6 (C) x + y + (D) '3x -
,

.



.

8. , Simplify each- of the followihg,ixpressibns:.

.

1 .(Example) +2 1 I
°

- , -
(a) '1('1() = '1>t. 5 10

(b) .4121;3
4r0

.01 =
yo

.4. 4 -2 . -2(e) +3 -4 ..-6 +9 +4

t.o 8 3 2t-t- 1.3

4 2

rt.

9. SimislifY each of +the following aexpiesiions:

(Exainple)

t

1."

5

O 4.

-

4.1 +
+10z z = /0 provided z #

.
t (a )£_2(a + b) + 6) = provided 'a + b

(b) +3x4 + +Oz
+3z

:9x(y + +3u(y-1- 'z)
+3(y + z)

z--.+5r 3r
+1- 41 '-r-- r---2r 15r

vided z
I ,

a

' provided' y + z # 0
es

. ,
Provided r #-O

4 \

.
V '

.e
.

.5a

3' et,



ve,

, . s . -
. . A;te 0 \Q.

10. .2Each of the statements below is a consequence of-one of the f011owin.g ''

principles for .re'al 'nurnb.e rs. ,tir.cle the letter corresponding'to the

-/ principle of which the statement is a,-consequence.
1 . , -.....

,(A) Commutative principle for Addition
(B) 'Commutative principle for multiplicatibn
() Associative principle fOr addition %

f1D) Associative, principle for multiplication - _
(E) Pstributive principle for multiplication over addition

--,.......

(Example) 'LA7)B C D E For each x, + +3 = + x

AB CD E (a) For each x, (t3x)(x + 4:5) = (x + +5)(+3x)

A ,B C D (b) For each y,'+7 +(y.+ +3) + -5 =(y + +3) + +7 +

2,AB'CDE (c): For each x, (+2x + -1)(+3x + +7)
= (-+2x)(+3x + +7) + (1)(+3x%+ +7)

A B,C D E . (d) For each y, (y-+ +4)(y_+ -3)(y-+ -1)

= +4)MT + 3)(y + :-1)}

11. Each of the statements below is a consequence of one of the following
principles for real numbers. Circle the letter corresponding to the
principle of which the statement is a.00nsequenqe.

(A) Principle for adding 0
(B) Principle for multiplying by 0,
(C) Principle for multiplying by +1
(D) Principle of opposites, or Introduction principle for oppositing
(E) Principle of quotients, or Introduction principle for division
(F) Principle for subt-Taction, or Definition principle for subtraction

(Example) A (a) D E F -13 +2.+/=

A B C D , E F (a) + 0) + +7 = '3 + +7

ABCD F
-z/

+78 + -+578 = 0

A B C D E,F (c ) ,+ -2 = [(+7 + -2) + t-3

ABCDEF (d) (p19 + +7) - +15 = (-19 + +7) + -+15
.

I.9

-
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'12. Here is a test pattern for a generalization. ,In each of the first five' steps

one of theiltllowing principles for real dumbers I #is used. The first is given
. . . .

as an exanfple. Circle the correct letter to indicate ttie principle used in
the next four steps.

(A) Commutative principle for addition
(B) CoMm'utatiVe principle for multiplication

-(C) .Associative prinCiple for addition
(D) Associative principlg for multiplication
(E) Distributive pririciptkfor multiplication over addition

1- +2 + (*5 + -3y) -F-&
(k) B C 'D E -- (Example)

= y +2 + (+3y + *5) + -8. }--- AB C D E
= ( y +2 + ,+3y)'+ + -8 .

-

= (+2y + +3y) +.1'5 + II-- A B C D E
=(+ + t3)y,+ +5 + -8

A B C 'D E.
= +57y 4: (tr+ -8) +

= *5y + -3

.
r 4

13.1 'B elow is a proof Of the thedrem:
4

- For each- x, -y, and z, if z + x =. z + y ,then x = y.

Pill in the blanks to complete the proof, using one of the following in each
;klank:

x, y, z, -x, -y,
[Proof]

(Example)
If

Suppose that z + x = 2 +

Then, - z + +, -z = + y+

x + -z =

x.+

I y+

[Given statement] t

.+ -z ,' [Commutative principle. for
addition]

-z) [Associative princiPle for
b ' . 1 addition]

[Principle of oppoiites, or ...yktroduction principle for
i.' oppo§iting]

[Principle for adding 0] :
4

So, ,x y

Hence,.. if z + x '= z t y then x= y.
-0

9 3

ti



4

8

14. Here are four incomplete lists of some of the ordered pairs of numbersI . 1

. which belong to certain common operations.. Complete the lists by inserting
the appropriate numeral's.

(Example) (42,:4), (4-5,47), (411,413), (+10,472. )

(a) (42,4'4), (43,46), (+18,436), (421,442), (410,
.

)

(b) (3,6), (0,-3),_ '43, r

(c) (+12, +4), (415-, 5), (0, 0), (21,-7), ( , 46)

(d) (42, +4), (34, 4' -8), (+5, +25), 010, +1(10); (-3, .

15. Circle,the letter for the ordered pair of numbers which completes tke
sentence to make it true..

r

(Example) A B (]61)*D Addition of 2 contains .

(A) (3, 6) (13) (5, 3)
..

(C) (7 )1) (D), PI)

A B C

A 15 C D (b Division-1)y :5 contains

,

(a). Multiplication by 2 contains .

.(A) (8, 10) (B) (30, 15):o (C) (p, 0)% MI) (5, 3)

(A) (8, L.6) (B) 110,5) '(G) (12, 2.2) (D) 140, 5)

" 4

A B C D (c) The inverse-ofiaddition of i6 -contains
(A) (6, 1) (B)' (7, 13) (C) (50, 46,) ('D.) (70, 64)

A B C D (d) .The inverse of multiplication by 7 contains ,

) (A) (14,11) (B) (0,0) (C) (7,0) (D) (5,354).
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16. Pairs of xe 1 numbers whose sum is 0 are Called opposites, dnd each is
., .. , ..

the opposite of the other. Circle t hest answer,

(a) WIT4t is the opposite of 0? 0

(b) What is the opposite of -1 ?'

.
(c) What'is the 'opposite of *0.25? +4 '0.25. -0.25 9 none of these

0
+1 ;I

none of these

none of these'

2 ,31
(d) What isthe opposite 'of--(7.,-)? +(4) +4) . .none of these,

O

17. Pairs of-reaLnurnbers whose nroduct.is +1 called reci-procals, and each
f

).

is the reciprocal of the other..-Circle the beq answer.,_

(a) What is the, reciproCal o 0

(b) What'is the reciprocal of -1? +1

(c) What is th reciprocal s:3c +0.25? +4 +0.25

(d) What i the.reciprocal -(Z )?
3

+0'13

I

r

. .

-1 none of thede

none a these

.

-0.25 none .of these,

12 ) ,none of these-
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18. On each line, Circle the letter of the word which Would make a teue state-
ment if put in the blank: If the correct word is not in the list; circle, '(D);.

(A) inverse 1

(43) opposite t
( C) reciprodal
(D) none of these

;

/13 C of +71D (a) 27 is the .
4*, .

. ,

A B C D (b) +0.5, is the' of 1,2.. ...: . A 44 i/A B C D ..,..M.
+ 1(c) i7-- s the . of --3.'

4 . t-.-

A B C D (d) Subtraction of 1:4 is the . of addition of +4.

)

. 1 '

19. On each line, circle the letter of the number which would make a true state=

t
, ,ment if a-numeral for it.were put in the blank. If Vie' correct number is not

in the list, circle, '(D)'.
(A) +1 '
(13) 0
(C)
(D) none of ,these

A B C D

A 13 C D
ti 0.

(a) The result of dividing any number by .0 is'
41k

(13j 1The74iis

OPP014%;*

.. : a),
of mul iplying 'Ay numbcr by -*`is the

f tlitkp be r .

A B D (c)' The reciprocal of is 0.

ABCD

A

V 4,

(d) The Opposite of the' reciprocal of ./ is -1..

1



20.. Citcle one correct answer for each question. -

(a) How many .re'almumbers satisfy the sentence 'a + = *2' ?
(A) none (i3). only 1 (C) only 2 (D) all

1 .

,(b) How many. real number's satisfy the. sentence 'aa =
-

(A) none (B). only,1 (C) only 2 (D) all
s

) How rna.n\y real iumbers satisfy' the sentence 'bb = ?

' (A) none \ (p) only 1 (C.) only .2 (D) all

s
(d) How ma.ny \real numbers satisfy the sentencelp 3)(p + 2) = 0'

(A) 'none fB) only 1 (C) only 2 (D) all
I -:\

`
\
l'I

win'
. ..= .

21. , For each. cu the fo1log sentences, circle 'T'rfor
=

'True', 'F' for 'False',
and ' ?.'. for, 'Can't ell'.

. \ . - . ,
.,

T F ? (a) Scime open sentences ale true.
1 I

c \
,

, 7.1, F ? (6) A 44se sentence' is not a statement.
\ 4...

, .,
,

T F ? I- ..i.. 0(c,) The\two.expressions.`+5a + -2a' and '.+3a' are ,equivalent
expressions.

1 .T F:' ? (c11' A countir"-example to a universal generalitation shows.
that the ge.nerali tion is false%

. .. , . )

S
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22. , in order t9 wriie'generalilations concisely, .we use the symbol 'V'. . Write
.

e,ach 02/4the generalizations below using 'V' and other. algebraia Symbbls.
,

, / al.. l, .
-.. . ,

(Sample) No matter what real number you. pick, its product
_ -c.

by 0" i#.0.
Mc. X- 0

qt

. 4 4

(a) It4latevetreal number you qhobse, if you subtract the number from 0,
you ,,et the opposite of the number.

(b) Forlichreal °number, the result of 'adding its product by tb its
, Pfoduct by -3 is the same as its product by +4. .

,.

(Sample) No matter wharf nonzero real number you pick, the
quotient of the nurner by itself is. +1.

x -

(c) ick any real number different from ,-1 Add +1 to its. 'Double the ,

result a.4(1 ihen,divide by the sum of the number you picked and
The final result is ;2.

(d.) Pick any real number. x. Now pick a. second real number y which is
not the opposite of x. It will always turn out that

k

x y
x+y x+y

5,

,
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The open sentence +2, = +4', becomes a true statement if we pule
'0;2' in place of the . In other words, it is true that there exists.atreal
number such that the sum of it and +2 is +4. For simplicity, we use the
symbol 3'. to express the sentence above, and write:,

.
(x + +2) +4x

Translate each of the following sentdnces into a sentence which uses a
0 ' .

and other algebraic symbols.

ti

(a) There is a real number such that the product of that number by '-7
,

ids

(b) There exists a real number Whose sum with itself is 0..k
."

A
.....

.

Furthermore, we can,use both of the symbols V' and a, to write a concise
..

statement of the generalizatiorcthat, for each first real number, there is a
second, real number such that the product ofjthe first by itself is the second,
Here is such a concise statement:

3 x xt
x y

=y
.

Transkate,eaeh of the following sentences into sentence which uses
3', and other algebraic symbols.

C
, .

(c) For.each first real number, there is a second reil number such that
the sum of -7 and the second is the first.

(d) There exists 'a first real number such that, for each second real
number., the sum' of +6 and the second is the first.

19,)

r

. .

N
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24. On.eabh line, circle the letter of the ansPer whiclywottldIrrlake a = trues

statexneni if pint in the blank. If answers. A; B,. and C would all make true
,statements-, If neit1;er the A, B, or C answers would make/..,

17

true statements, circle `E'.

(A) V,/if.'x is p'osit'ive then
. (B) V if x is negative-then

(C) V if x 0' 0
(D) All, of these' fr

(E) None of these

..,
.(Example) ik. B' C 01 (x + +.1) --,x is positive.

A B C D *cE (a.) -x is negative,

.

.
.-ft A B .;C 'D E (b) xx is r*Isiti' e,

..-
_

A B.' C. 'D E ''''(c)\ t ' x'-x is nonp sitive.
.,,

A 'II C D Et (d) \ Ix x) 7 (x + 4'1)' is honnegative.
A. `` 1

4..":, 4*---'' -V., .

25, On each line circle the )1tier of the answer whidi would make the mott
9Ar . A ..

general true statement\posible,.

. (Example) A B \C D
---.. a ,

6..pg vx vy \(B) Vx,.0 Vic, (C)" v vx'' y*O.
4

-A` B C D (a) (x - y) (x + y) ,= xx - 9-,);.,

.4-
(A) V/ V

.
(4.\ V V* (C) if V ' ) V

x 00V y00
,.

x y00
_ x y,

I

x00 y

'1 - A B C 'D ...*Tb")...

(A) V__V_ .(B)
x Y

A B C' D (c) -z+y- zi-xy
. x ,

x+y=y+x
.(D) \V 00 yVx00

a

-z(x + y) + -z(x -

Vz & 0 (C) G'x 00Yy 001z ('/
(A) V V Vx y z

A C D (d)-

(B) V V 00 zy.

1 1

x y xy.

(B) x #0 Vy (C) Vx\ly *0 (D), x #0y00
.

Vx *0 Vy Vz *0
C.

v ) v v vx09 vyv (D *0 y * 0
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264 or eaCh sentence, find a rea4nurnber which "satisfies" it.

(Example) "+8 + m 412

(a), +345+ a .7-- 4.245

(b) 4.5 +6b -

) + = 41.5

+
(d)

d
=

41

4

k

274 For each sentence, fine ali the real numbers which "satisfy" it. Ff

there are none,. write 'none:.

(Example) =

(a) b(b +2) = b

'(b) c c + +4 = 0

.

(c) dd :'4100 r 0

:Lem
e

a
. 1 .



28. ,Below is a p poof of the theorem:.

x0 =

4
Fill in the blanks. to complete the proof uding one of the following in' each

16

blank:

(Proof)

x + 0 =,x

x, xx, x0, 0, -(xx)

A

xx + OX = xx
/

xx + X0 = XX

xx + x0 = xx .+
niqueness principle-for addition]

xx + x0 + = xx + 0 +
. c

,

[C mmutatiVe principle for addition]

x0 + xx + (xx) = 0 + xx + (xx)
--- [ks ociative peinciple for addition]

1 I

[Principle for addirig 0] .

[Uniqueness principle7 mttiplicati6n]

--- [Coirriiiutative principle for multiplication]

[Distributive pr inciple for multiplication
over, addition]

[ o m utative principle for multiplication]"

[Principle for adding' 0]

.

f

X0 + [xx -(xX)] = 0 + [xx + .-(xx)] 0-
[Pr 'ciple of opposites or

-
iIntro uction PrinciiNle for oppositingj

x0 + = 0 0

. , [Prim iple for adding

4

4
%

, \
\
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29.

1

Derive

/'

'..." .'^b :*/ >ofr , , : .
. . < t, ,

the following generaliz'atic0,41; A.
3

..'' .
,

-",..t..- 1e
.. :. , -, -, :*---. -.*,

. 4 7 -`, : : ,,r..,,, ,

V V V .X 'for). +..rif:2 .t4, + )f,-ffr,X.
\r 0 ,

' . x y z .i."-1, I ;

7-....-7 .
in your derivation,use7only" th piinciPles listed, below:

. 4Commutative principle fpr addition [CPA].
Commutative principle for multiplicati4n [CPIVI]
Associative principle for addition.[APAj.',

S

Associative principle for multiplication [APIA]
,Distributive principle for'multiplicatian over addition [1?1:)MA]

°

1.4

r

.
r/s

ft., ..s.r .
I

4

. 4

rl
.4. ,

47

11
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